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Alford, Sara M.S., Purdue University, May 2015. Cover Crops and No-Till Effects on 
Soil Health Properties in Indiana. Major Professors: Eileen J. Kladivko and James J. 
Camberato. 
 
A growing concern of soil health and long-term sustainability has increased 
interest in no-till and cover crops in the Midwest. Some of the challenges with no-till in 
the Midwest can be higher soil moisture and lower soil temperatures at cash crop planting 
in the spring, planter adjustment issues, and lack of immediate economic benefit. Cover 
crops also have some of the same issues along with extra cost of seed and termination, 
mismanagement of cover crops, and lack of knowledge on the benefits and costs. This 
project was begun in order to quantify the effects of no-till and cover crops on soil 
chemical and physical properties and on some cash crop properties. There were seven 
sites in Indiana with treatments comparing cover crops to no cover crop controls, and one 
site with a tillage and cover crop comparison. Three of the sites were Purdue research 
farms and the other four were farmer cooperator fields. Measurements taken included 
cover crop biomass and nitrogen (N) concentration, soil nitrate-N (NO3-N) and 
ammonium-N (NH4-N) concentrations, soil aggregate stability, soil water retention, soil 
penetration resistance, corn stalk NO3-N concentration, and corn and soybean yield. 
Because this study only had one or two years of cover crop growth, many of the results 






did take up N in the fall and spring which was reflected in lower soil NO3-N 
concentrations in the treatments with cover crops. There were not many differences in the 
soil physical properties and no differences in the cash crop properties. The main 
difference in soil physical properties were between no-till and conventional till 
treatments, with no-till having better aggregate stability and higher soil bulk density, and 
lower total porosity than the conventional treatment. Two years may not be enough time 
to demonstrate the cover crop effects on the soil and cash crop properties. More research 





CHAPTER 1. INTRODUCTION 
Soil health has recently become a concern in agriculture across the Midwestern 
United States due to high the cost of agricultural inputs and increased concern with 
sustainability. Soil health is defined by the soil’s ability to produce high yielding cash 
crops by providing good soil structure, fertility, and a diverse microbial community. For 
years, the land has been planted in cash crops, tilled, and left fallow in the winter. The 
Midwest receives excess water and experiences more soil water drainage when cash 
crops are not growing in the late fall, winter, and early spring, which allows for leaching 
of nutrients and soil losses by erosion. Tilling the soil also promotes poor soil structure 
and damages the environment for the microbial community. No-tilling the soil became 
popular because it reduces erosion by keeping the cash crop residue on the soil surface 
and allows the roots and soil microbes to build soil structure. Cover crops are also now 
being used to improve the health of the soil in the Midwest. Cover crops are planted after 
the cash crop has been harvested in the fall to scavenge nutrients and improve soil 
chemical, physical, and biological properties. The cover crop above-ground biomass 
produces more residue to protect the soil from erosion and adds more organic matter to 
the soil. The below-ground biomass builds soil structure with rooting channels and root 






Despite all of the benefits of no-till and cover crops, there are some problems that 
arise with using them in the Midwest. No-till soils tend to have more moisture and lower 
temperatures in the spring at cash crop planting because the residues shade the soil from 
direct sunlight. No-till soils can also become a problem if the correct planter adjustments 
are not made, resulting in poor soil seed contact. Tillage produces a seed bed for planting 
but in no-till soils, the seed is planted with very little soil disturbance through previous 
crop residues. Cover crops leave extra biomass and can also make planting difficult if the 
equipment is not properly adjusted. The climate in the Midwest does not allow for much 
cover crop growth after corn and soybeans in the fall before going dormant or winter-
killing nor in the spring before corn and soybeans are planted. Soils under cover crops 
may also be wetter and colder in the spring than non-cover cropped fields and may delay 
cash crop planting. There is also an issue with N immobilization and possible allelopathy 
with some cover crops planted before corn which may then reduce the corn yield. A 
major problem with cover crops is that they have not yet been analyzed economically and 
farmers do not want extra cost without an immediate benefit. Cover crops can take many 
years to change the soil health, which is a risk for farmers who have economic costs but 
perhaps no economic benefit when they first start using cover crops.  
 There are many questions about how cover crops and no-till affect the soil health, 
so a large project was begun to quantify those effects all over Indiana. Treatments were 
established and measurements were made on three Purdue sites, twelve farmer cooperator 
farms, and two non-private/university sites. The major goal of the large project was to 
quantify the impacts of conservation management systems, including the cover crop and 





crop properties. Some of the other goals were to integrate these conservation systems into 
the current profitable, sustainable systems of the farmers, and to educate agricultural 
professionals and farmers about the systems. This larger project is being conducted for 
three years starting in the fall of 2012 and ending in the fall of 2015.  
This thesis was part of the larger project at seven of the seventeen sites and for the 
first two years. The hypotheses for this study are i) cover crops will improve soil nutrient 
cycling by scavenging N that may be leached otherwise, ii) cover crops that overwinter 
will have less NO3-N and NH4-N concentrations in the soil in the spring than those that 
winter-kill, iii) cover crops will improve the soil physical properties like soil structure, 
penetration resistance, and soil water retention, and iv) cover crops will increase cash 
crop productivity. The objectives of this study are to i) measure the amount of above-
ground biomass of the cover crops in fall and spring, ii) measure soil NO3-N and NH4-N 
concentrations to determine how much is scavenged by the cover crops, iii) measure soil 
physical properties including moisture, temperature, aggregate stability, bulk density and 
total porosity, water retention, and penetration resistance, as affected by cover crops, and 
iv) measure the cash crop properties including SPAD readings on corn tissues, corn stalk 





CHAPTER 2. LITERATURE REVIEW 
Cover Crop Effects on Soil Properties 
Erosion 
 Cover crops reduce erosion by protecting the soil surface with residue and 
increase soil structure with their root systems. Oat (Avena sativa) and rye (Secale 
cereale) cover crops reduced erosion by about 50% over a four year period on a Typic 
Hapludolls soil with 2.8-6.0% slope in Iowa, compared to fallow (Kaspar et al., 2001). 
Rye reduced more interrill erosion than oat in one out of three years (0.022 vs 0.036 g m-2 
s-1 respectively) because it grew in the fall and spring where the oat only grew in the fall 
due to winter killing. The rye also reduced more rill erosion than oat in two of the three 
years in the study (0.22 vs 1.06 g m-2 s-1 and 0.34 vs 1.36 g m-2 s-1 respectively). This 
allowed the rye to produce more aboveground and belowground biomass to protect the 
soil surface and to improve the soil structure throughout the winter. The mean annual soil 
losses were reduced by 87% with chickweed (Stellaria), 95% with Canada bluegrass 
(Poa compressa), and 96% with downy brome (Bromus tectorum) compared to a no 
cover control on an Udollic Ochraqualfs soil in Missouri (Zhu et al., 1989). The 
experiment was done on a natural rainfall erosion plots on a slope of three percent over 





reduced soil erosion by 88% compared to a no cover control in a conventionally tilled 
Typic Fragiudalfs soil in Kentucky (Rasnake et al., 1986).  
Soil Temperature 
 The effect of cover crops on soil temperature can differ dependent on time of the 
year. Cover crops increase residue cover which tends to decrease soil temperature in the 
spring, which can delay planting of cash crops (Blanco-Canqui et al., 2011; Dabney et al., 
2001; Kladivko et al., 1986). Late-maturing soybean and sunn hemp (Crotalaria spp.) 
cover crops reduced soil temperature in late April by 4°C at 5 cm depth, 2°C at 15 cm, 
and 1°C at 30 cm on an Udic Argiustolls silt loam soil in Kansas (Blanco-Canqui et al., 
2011). Although there may be a decrease in temperature in the spring, there can be an 
advantage of less temperature fluctuation with cover crop residues throughout the year 
when extreme changes in temperature can be harmful to the cash crops. Cover crops kept 
the soil cool in the spring but also decreased the amplitude of diurnal temperature 
fluctuations throughout the season in Mississippi (Dabney et al, 2001). The residues on 
the soil surface protect the soil from extreme weather and temperature changes.   
Soil Water Content 
 Cover crops can have variable effects on soil moisture. Growing cover crops 
transpire, which may lower the soil moisture but also may decrease evaporation by 
shading the soil from direct sunlight producing a higher soil moisture. The cover crop 
roots can also increase water infiltration and increase the soil moisture soon after a rain 
event. Often times, late season water shortage is a problem with cash crops due to high 
amounts of water use and too little precipitation. Terminated cover crops can conserve 





with rooting channels and enhanced biological activity (Blanco-Canqui et al., 2011; Chen 
and Weil, 2011; Kaspar et al, 2001; Liebig et al., 2004; Staver and Brinsfield, 1998; 
Strock et al, 2004; Williams and Weil, 2004). In a study with low soil-seed contact, cover 
crops conserved water later in the season and made up for low plant density in the 
beginning of the season in Maryland (Chen and Weil, 2011). When comparing cover 
crops during the summer, a rye cover crop had the wettest soil due to the thick mulch left 
on the soil surface and forage radish (Raphanus sativus) had the driest soil on Typic, 
Aquic, and Psammentic Hapludults (Chen and Weil, 2011). The forage radish leaves a 
thin residue on the surface because it breaks down very rapidly. Rapeseed (Brassica 
napus) also conserved water much more than the radish due to the thick mulch left by the 
leafy top growth but not as much as the rye cover crop. Rye also had the wettest soil 
during the first half of a cash crop growing season due to its thick mulch compared to 
radish and a no cover control on an Aquic Hapludults soil and a Typic Endoaquults soil 
in Maryland (Williams and Weil, 2004).  
Rye increased rainfall infiltration compared to a no cover control on a Typic 
Hapludolls soil in Iowa after three years of cover cropping (Kaspar et al., 2001). Oat also 
increased rainfall infiltration slightly compared to the no cover control. In the previous 
two years, there was no difference in infiltration between the rye, oat, and control 
treatments.  
Aggregation 
 It is commonly found that cover crops improve soil aggregation because of added 
organic matter from residue on the surface and enhanced biological activity. Organic 





produced (Grandy et al., 2006; Liebig et al., 2004; Sapkota et al., 2012; Singh and Malhi, 
2006; Tan et al., 2002). Over time, soil forms maccroaggregates that keep the soil held 
together which reduces erosion, compaction, and evaporation and increases infiltration, 
rooting ability, and soil tilth (Kladivko et al., 1986). The rooting channels created by 
cover crops keep the soil in place and benefit the soil by improving structure and water 
transmission. They also improve the microbial community in the soil because it adds crop 
diversity and adds nutrients that the microbes can feed on (Blanco-Canqui et al., 2011; 
Jokela et al., 2009; Sapkota et al., 2012; Steele et al., 2012, Villamil et al., 2006). There 
was an increase in surface maccroaggregation and a reduction in microaggregates with 
sunn hemp and late-maturing soybean cover crops compared to a no cover control in the 
0-7.5 cm depth in Kansas on an Udic Argiustolls soil (Blanco-Canqui et al., 2011). These 
cover crops increased the 8.00-4.75 mm aggregates by 3.6 times, 4.75-2.00 mm 
aggregates by 1.8 times, and 0.50-0.25 mm aggregates by 1.3 times. In the no cover 
control, the number of aggregates that were less than 0.25 mm were greater by 1.2 times 
compared to the treatments with cover crops.  
Cover crops have many benefits on aggregate stability but different species of 
cover crops have different results. Winter vetch (Vicia villosa) had a 62% higher 
aggregate stability than brown mustard and 72% higher than the no cover control in 
central Italy on a Typic Xerofluvents soil (Saptoka et al., 2012). Austrian winter pea (916 
g kg-1 WSA) and a mixture of Austrian winter pea and radishes (874 g kg-1 WSA) 
improved water stable aggregation (WSA) more than radishes alone (799 g kg-1 WSA) in 
Ohio on an Aeric Epiaqualfs soil (Stavi et al., 2012). The Austrian winter pea also had a 





mixture of the two covers (2.7 mm). The roots of the Austrian winter pea probably 
enhanced soil structure and the biological activity due to having more fibrous roots than 
the radish and the fixing of N. A no cover control was not used in this experiment. In one 
year, three cover crop treatments hairy vetch, mustard, and rye had greater aggregation 
than no cover in Indiana (Garvert, 2013). There was no difference between the three 
cover crop treatments in the fall of year 1 but in the spring of the second year, hairy vetch 
(1.55 mm), mustard (1.84 mm), and winter pea (1.59 mm) had higher aggregation than no 
cover (1.13 mm). In the fall of the second year, hairy vetch (1.72 mm), mustard (1.47 
mm), a mixture of rye and vetch (1.56 mm), and rye (1.67 mm) had higher aggregation 
than no cover (1.41 mm) and winter pea (0.98 mm).  
Bulk Density, Compaction, and Penetration Resistance 
 Short duration studies (1-3 years) commonly find no effect of cover crops on soil 
bulk density, because bulk density changes slowly (Chen and Weil, 2011; Liebig et al., 
2004). Other studies have shown lower bulk density in the shallow depths of the soil with 
cover crops (Jokela et al., 2009; Stavi et al., 2012; Villamil et al., 2006). This could be 
because more organic matter is found in the surface in no-tilled cover crop systems 
compared to a conventional system due to added crop residues on the soil surface and 
organic matter may decrease the bulk density. Cover crops decreased bulk density by 
providing greater fauna and microbial activity in Aquic Argiudolls silt loam soil in 
Illinois (Villamil et al., 2006). Cover crops increased soil porosity by creating 
macropores with their roots and enhancing biological activity. The cover crop plots that 
were used in that study had been planted in cover crops for four years prior to the 





soil water without causing compaction because there is lower bulk density with cover 
crops (Blanco-Canqui et al., 2011). Radish increased the bulk density (1.67 Mg m-3) in an 
Aeric Epiaqualfs soil compared to Austrian winter pea (1.52 Mg m-3) and a mixture of the 
two (1.50 Mg m-3) in central Ohio after one season of cover crops (Stavi et al., 2012). 
These cover crops were not compared to a no cover control.  
 A high bulk density does not necessarily mean that a soil is compacted but after 
years of tillage, a soil can become compacted due to poor soil structure. Compaction is a 
problem that can hinder rooting, nutrient cycling, water infiltration, and soil water 
retention. Cover crops can break up compaction and form rooting channels for cash crops 
to use (Williams and Weil, 2004). Penetration resistance simulates plant roots and 
measures the strength it takes to penetrate soil at different depths which is often related to 
compaction. Although penetration resistance can be higher in no-till fields, cover crops 
can lower it by forming rooting channels and adding organic matter. Cereal rye and vetch 
cover crops decreased penetration resistance by about 18% in a corn/soybean rotation 
compared with no cover in Aquic Argiudolls silt loam soils in Illinois (Villamil et al., 
2006). In contrast, there was no difference between hairy vetch, late-maturing soybean, 
and sunn hemp cover crops and the no cover control in penetration resistance in Kansas 
on an Udic Argiustolls silt loam soil (Blanco-Canqui et al., 2011). The experiment was 
conducted in a field that had been in cover crop treatments every other year for 13 years. 
Hairy vetch with differing termination dates was used in the first seven years and then 
changed to sunn hemp and late-maturing soybean in the last six years. There was also no 
difference in penetration resistance between a no cover control and forage radish, 






Hapludults, Aquic Hapludults, and Psammentic Hapludults soils in Maryland (Chen and 
Weil, 2010).  
Organic Matter 
 Cover crops increase soil organic matter by adding residue to the soil from the 
aboveground and belowground biomass (Blanco-Canqui et al., 2001; Jokela et al., 2009; 
Steele et al., 2012). Leguminous cover crops produced higher soil organic matter content 
than non-leguminous covers on a Typic Xerofluvents soil in Italy (Sapkota et al., 2012) 
and an Aquic Argiudolls soil in Illinois (Villamil et al., 2006). In Italy, the three cover 
crop treatments that were tested were no cover control, mustard (Brassica juncea), and 
vetch (Vicia villosa) in the 0-5, 5-10, and 0-10 cm depths in the soil (Sapkota et al., 
2012). The no cover, mustard, and vetch covers had 2.73, 2.65, and 3.00 % soil organic 
matter respectively in the 0-5 depth, 2.57, 2.63, and 2.93 % respectively in the 5-10 cm 
depth, and 2.65, 2.64, and 2.96 % respectively in the 0-10 cm depth. In Illinois, four 
different cover crop systems were compared for their effect on soil organic matter. Soil 
organic matter levels were 35 kg Mg soil-1 in a corn (Zea mays)-fallow/soybean-fallow 
system, 36 kg Mg soil-1 in a corn-rye/soybean-rye system, 38 kg Mg soil-1 in a corn-
rye/soybean-vetch system, and 39 kg Mg soil-1 in a corn-rye/soybean-vetch+rye system in 
the 0-30 cm depth (Villamil et al., 2006). The two treatments that included vetch had 
significantly greater soil organic matter than the treatments without vetch. Legumes like 
vetch, can provide an N source that microbial and fauna organisms need to break down 
and incorporate residues into organic matter. When comparing cover crops, a mixture of 
Austrian winter pea (Pisum sativum subsp. Arvense) and radishes were better than a pure 






Epiaqualfs silt loam soil in central Ohio (Stavi et al., 2012). Sunn hemp (~18 g OC kg-1) 
increased the amount of soil organic carbon 1.3 times more than a no cover control (~17 
g OC kg-1) in the top 7.5 cm of the soil in an Udic Argiustoll soil in Kansas (Blanco-
Canqui et al., 2011). Late-maturing soybeans (~14 g OC kg-1) used as a cover crop 
increased the soil organic carbon 1.2 times more than the no cover control.   
Nitrogen Cycling 
There have been many studies that have examined the effects of cover crops on N 
cycling. Cover crops may decrease the amount of nitrate loss in the fall and spring, 
increase the amount of N available to cash crops, and improve overall N cycling. The 
results are different for each study and for different regions.   
Cover crops lower soil nitrate by taking it up in the fall and spring and often 
increase N availability for cash crops (Dean and Weil, 2009; Sainju et al., 2001; Staver 
and Brinsfield, 1998; Strock et al., 2004; Teasdale et al., 2007; Thorup-Kristensen, 1994; 
Vyn et al., 1999; Vyn et al., 2000). Cover crop species differ in N scavenging and N 
release to the following cash crops. Radishes scavenged more nitrate in the fall than 
rapeseed and rye but the radishes winter killed, so rapeseed and rye were able to scavenge 
soil nitrate in the spring in Maryland (Dean and Weil, 2009). They recommended that an 
N demanding crop be planted early in the spring after winter-killed radishes on coarse 
textured soils. There were higher nitrate values under the radish plots than the rapeseed or 
rye plots in the spring which suggested the radishes were releasing N and the rapeseed 
and rye were taking it up. They also found that rapeseed had higher N uptake than rye. 
Fodder radish was the best cover for scavenging nitrate in the soil and winter rye was 






(Kristensen and Thorup-Kristensen, 2004). In this study, rooting depth was determined to 
be a better indicator of the effectiveness of a cover crop in scavenging nitrate than 
aboveground biomass (Kristensen and Thorup-Kristensen, 2004). It is important that the 
cover crops reach the deep soil layers and scavenge N early before it leaches (Thorup-
Kristenesen, 2001). Brassica cover crops were more efficient in scavenging N than 
legumes with fodder radish having the highest uptake in Denmark on a Typic Agrudalfs 
soil (Thorup-Kristensen, 1994). In a three year study conducted on a Typic Hapludalfs 
soil and wheat and barley crop rotation in Canada, annual ryegrass had 3.8 mg N kg-1 soil 
less nitrate and red clover (Trifolium pratense) had 2.8 mg N kg-1 soil less nitrate than the 
no cover control, as determined by soil nitrate-N concentrations in the spring of the year 
(Vyn et al., 1999). Oilseed radish that winter-killed did not differ from the no cover 
control in the spring. Grasses were better cover crops than legumes when scavenging 
fertilizer N because the legumes fix their own N in Maryland (Shipley et at., 1992). They 
also found that rye was better than ryegrass in scavenging N. In some circumstances, 
cover crops can lower the amount of N available to the cash crop because they cause N to 
be immobilized in microbial biomass (Dietzel et al., 2011; Staver and Brinsfield, 1998). 
When red clover was spring killed, the slow desiccation delayed corn growth and lowered 
yields in Canada (Vyn et al., 2000). In this northern Corn Belt region, chemically killing 
the red clover in the fall is suggested to avoid negative effects on the cash crop. It was 
concluded that many years may be required for cover crops to improve surface water 
quality and to reduce N fertilization rates (Staver and Brinsfield, 1998). 
Management of cover crops is very important for N cycling. Often, studies find 






greater N accumulation in the plants (Clark et al., 1994; Sainju et al., 2001; Vyn et al., 
1999). Nitrogen uptake was higher in no-till when cover crops were terminated later 
compared to an early cover crop planting in no-till or either termination date in 
conventional till in Georgia (Sainju et al., 2001). They found that delayed kill of vetch by 
two weeks in the spring increased N accumulation by 9 kg N ha-1. Delaying flowering of 
cover crops can improve uptake by extending the duration of N uptake and delaying 
mineralization of N in Denmark (Thorup-Kristensen, 1994).  
Fauna and Microbial Biomass 
 Soil microbes and fauna are important for nutrient cycling and soil structure. 
Cover crops can improve fauna and microbial biomass by providing more organic matter 
and nutrients and improving soil structure with rooting channels (Jokela et al., 1994; 
Kristensen and Thorup-Kristensen, 2004; Sapkota et al., 2012; Stavi et al., 2012; Villamil 
et al., 2006). There are different species of microbes and fauna in the soil and they are 
grouped into different classifications. There are three groups for soil fauna which are 
microfauna, mesofauna, and macrofauna as told by Lavelle (1997). The microfauna are 
smaller in size (less than 0.2 mm), and live in the air and water pore spaces in the soil and 
include protozoa and nematodes. The mesofauna are average in size (0.2-2 mm), and live 
in the air pore space and include microarthropods like mites and springtails. The 
macrofauna are large in size (greater than 2 mm), and can move around in the soil and 
change the soil structure. These include earthworms, termites, and large arthropods. All 
of these fauna are broken up into three functional guilds which are microfoodwebs, litter 
transformers, and ecosystem engineers. The microfoodwebs typically feed on bacteria, 






The litter transformers feed on organic matter, fragment litter, and change soil structure 
by depositing fecal matter and include mesofauna and large arthropods. The ecosystem 
engineers feed on organic matter and mineral soil and change the soil structure by 
digging in the soil and include earthworms and termites (Lavelle, 1997). The mesofauna 
typically have higher populations in no-till soils compared to conventional tillage 
(Wardle, 1995). Larger organisms are more sensitive to tillage because of the physical 
destruction of soil structure and changes in water and temperature characteristics 
(Kladivko, 2001). Another group of organisms in the soil are called microflora and 
include bacteria and fungi (Wardle, 1995).  
There was an increased diversity of micro-arthropod groups and higher biological 
soil quality values under hairy vetch, clover (Trifolium), and brown mustard cover crops 
compared to a no cover control on a Typic Xerofluvents soil in central Italy (Sapkota et 
al., 2012). A study comparing different species of cover crops determined that Austrian 
winter pea supported a larger density of earthworms than radishes but a mixture of the 
two covers produced the highest earthworm density (Stavi et al., 2012). Fodder radishes 
(Raphanus sativus) had a greater microbial biomass than rye on a Typic Agrudalfs soil in 
Denmark (Thorup-Kristensen, 2001).  
Factors Affecting Cover Crop Growth 
Cover Crop Biomass 
One of the major benefits of growing cover crops is having residue on top of the 
soil to protect the soil from environmental stresses like extreme temperatures, 
precipitation, and erosion. Residue also provides more organic carbon, higher 






Retaining the straw from barley (Hordeum vulgare), pea, wheat, and canola (Brassica 
napus) after harvest, compared to removing the straw, led to higher seed yields of barley, 
pea, and wheat, mass of N and C in the plant, soil moisture in the spring, and soil 
aggregation (Malhi and Lemke, 2007). There was also a lower potential of soil erosion 
when the residues were retained. Typically, the above-ground biomass is measured but 
the below-ground biomass is also important. Cover crop root growth is important because 
it contributes to good soil structure, water infiltration, and enhances the microbial 
community in the soil. They also allow cash crop roots to follow rooting channels left by 
cover crops, especially when compaction is a problem (Chen and Weil, 2010; Thorup-
Kristensen, 2001). 
Type of Cover Crop 
Different cover crops produce different amounts of above-ground biomass and 
management practices can affect the production of the cover crops. Grass cover crops 
tend to produce more above-ground biomass than broadleaf covers because they can 
grow more quickly in a short amount of time whereas the broadleaves tend to grow more 
slowly (Clark et al., 1994; Shipley, 1992). Rye produced more biomass in the spring than 
hairy vetch but a mixture of the two produced the most biomass in the spring in Maryland 
(Clark et al., 1994). At one of the locations in the study, rye produced 4 times (2900 kg 
ha-1) the amount of biomass than vetch (730 kg ha-1) and at the other location produced 
2.4 times (4060 kg ha-1) more than vetch (1690 kg ha-1) at the early cover crop kill date. 
At the late cover crop kill date, rye (6390 and 7100 kg ha-1) still produced more biomass 
than the vetch (4760 and 5190 kg ha-1) at each location respectively. This may be because 






produced about the same amount of residue in Iowa (Kaspar et al., 2001). A study in 
Maryland compared four different cover crop species, cereal rye, annual ryegrass, 
crimson clover (Trifolium incarnatum), and hairy vetch, with three different amounts of 
N fertilizer applied to the prior corn crop (0, 168, and 336 kg N ha-1) and three different 
cover crop sampling dates (mid-March, mid-April, and mid-May) (Shipley et al., 1992). 
In both years, they found that cereal rye and annual ryegrass had increasing biomass with 
increasing prior N fertilizer. Cereal rye grown after the highest N rate had more biomass 
than both of the legume cover crops. Annual ryegrass had more biomass than hairy vetch 
in the first year of the study and more than both of the legumes at the last two sampling 
dates at the high N rate in the second year. The prior N application did not have an effect 
on the legume cover crops probably because they fix their own N. At the 168 kg N ha-1 
fertilizer rate, the cereal rye and annual ryegrass treatments had significantly more 
biomass than the hairy vetch and crimson clover averaged over the two years and at all of 
the sampling dates. In some cases, weeds in the no cover crop control had more biomass 
than the hairy vetch and crimson clover treatments at the high and normal N rates. Cover 
crop growth after corn with no N fertilizer added did not differ. Cereal rye, crimson 
clover, and hairy vetch all increased the amount of biomass with succeeding sampling 
dates. Annual ryegrass did not have significant growth between sampling dates but had as 
much biomass as cereal rye at the third date. Three cover crops (fodder radish, mustard, 
and phacelia) ranging from 4.7 to 5.7 t ha-1, had greater dry matter production in mid-
November compared to seven other cover crops (oat, winter barley, winter rye, ryegrass, 
winter rape, lupin (Lupinus), and hairy vetch), ranging from 2.0 to 3.8 t ha-1 in Denmark 






biomass compared to the other nine cover crops, ranging from 1.6 to 2.5 t ha-1. Similar 
results were found in Ontario where oilseed radish, ranging from 1.31 – 3.68 Mg ha-1, 
and red clover, ranging from 0.94 – 3.53 Mg ha-1, produced more biomass than annual 
ryegrass, ranging from 0.73 – 2.53 Mg ha-1 in November at five out of the six locations in 
the experiment (Vyn et al., 1999). Another study found that red clover, ranging from 1.89 
– 4.02 Mg ha-1, produced more biomass than rye, ranging from 0.61 – 1.48 Mg ha-1, 
oilseed radish ranging from 0.89 – 1.27 Mg ha-1, and oat ranging from 0.97 – 1.63 Mg ha-
1, in the fall at both locations and both years in Ontario (Vyn et al., 2000). In the spring, 
red clover, ranging from 1.24 – 3.59 Mg ha-1, produced more biomass than rye, ranging 
from 0.65 – 2.12 Mg ha-1, at both locations and both years.  
Different species of cover crops also differ in their below-ground biomass which 
can affect the soil properties. There were three experiments on rooting depths of cover 
crops done in Maryland (Chen and Weil, 2010). In the first experiment, forage radish, 
rye, and rapeseed were compared under high, medium, and no soil compaction. The 
forage radish produced the most amount of roots in the deeper depths (20-50 cm) in all 
levels of compaction. Radishes can break up compaction with their large taproots that 
grow deep into the soil. The rye and rapeseed cover crops produced more roots in the 
shallow depths (0-20 cm). In the second experiment, roots at 5 cm were in decreasing 
order of rye, rapeseed, and forage radish for all compaction levels. Under high and 
medium compaction, forage radish had more roots than rye and rapeseed at 20-50 cm. 
Under no compaction, rapeseed had more roots than rye in all depths. In the final 
experiment, rye had more roots than forage radish at 5-10 cm for all compaction levels. 






(30-50 cm). Rapeseed rooting did not differ from rye or forage radish rooting in the final 
experiment. Roots with larger diameter may have higher penetration of compacted soils 
because of reduced friction, deflecting sideways, and buckling but the rooting of cash 
crops were not measured in this study (Chen and Weil, 2010). Fodder radish had the 
deepest rooting depth with winter rye having intermediate and ryegrass having the 
shallowest rooting depth in Denmark in a Typic Agrudalfs soil (Kristensen and Thorup-
Kristensen, 2004). Fodder radish was also the deepest rooted cover crop, winter rape and 
phacelia were immediate, and rye, ryegrass, and oats were the shallowest in Denmark in a 
Typic Agrudalfs soil (Thorup-Kristensen, 2001).   
Planting and Termination Dates 
Management practices like when to plant and when to terminate cover crops can 
have a great effect on biomass production. Early planting of cover crops result in greater 
biomass production with more nutrients than those that are planted late (Dabney et al., 
2001). Cover crops that were planted early had more biomass, carbon, and N content in 
eight studies comparing planting dates of early September and late September (Dabney et 
al., 2001). The biomass from rye in the early planting ranged from 1911 to 7399 kg ha-1 
and the late planting ranged from 690 to 809 kg ha-1. The biomass from wheat in the early 
planting was 2203 kg ha-1 and at the late planting was 454 kg ha-1.  
Letting cover crops grow longer in the spring can also result in greater biomass 
(Dabney et al., 2001; Shipley et al., 1992). Hairy vetch and winter weed N accumulation 
was higher with a late termination (113 kg N ha-1) compared to early termination (104 N 
kg ha-1) averaged across years and tillage systems (Sainju and Singh, 2001). The higher N 






termination date also had greater corn N concentration (11 g kg-1) and corn N uptake (178 
kg ha-1) compared to the early termination date (7.9 g kg-1 and 144 kg ha-1 respectively). 
The cover crop dry matter and N content of rye, vetch, and a mixture of rye and vetch 
increased with later termination dates in Maryland in a study comparing sampling dates 
of late March, early April, late April, and early May (Clark et al., 1997). The rye cover 
crop produced 149% more biomass from the late March sampling to late April with the 
largest increase between the early April and late April samplings. The vetch cover crop 
produced about 138% more biomass from the late March and early May sampling dates 
with the largest increase between late April and early May. The mixture of rye and vetch 
produced about 135 % more biomass from the first and last sampling date with the largest 
increase between early April and late April. The rye, vetch, and the mixture had an 
increase in the N content in the plant of 37, 152, and 141 % respectively between the first 
and last sampling date. The largest increase was between early April and late April for 
rye and late March and early April for vetch. The rye-vetch mixture had the same amount 
of growth between the early April and late April dates and the late April and early May 
dates.         
Cover Crop Effects on Cash Crop Growth, Development, and Yield 
 Cover crops have been shown to increase, decrease, and have no effects on cash 
crop yield (Steele et al., 2012; Strock et al., 2004). Cover crops can reduce yields by 
reducing N availability to the cash crop, poor soil to seed contact due to high amounts of 
residue, and competition by volunteer cover crops after termination. Corn grown after 
cereal rye killed 10 days before corn planting had significantly lower yield than the no 






(Clark et al., 1994). Oat and rye cover crops lowered corn yield compared to the no 
cover, oilseed radish, and red clover in Ontario when no N fertilizer was added to the 
corn (Vyn et al., 2000). There was also an increase in corn yield when N fertilizer (150 
kg ha-1) was added after cover crop termination. The grass cover crops in this study may 
have reduced the N availability to the corn. The thick residue that rye had left in a sweet 
corn (Zea mays var. saccharata) field in Maryland made planting difficult and resulted in 
lower yield in one of the years of the study (Teasdale et al., 2008). Volunteer canola 
significantly lowered soybean yield in a Maryland study compared to forage radish, rye, a 
mixture of the two, and the no cover control (Williams, 2004).  
Cover crops can improve yields by supplying the succeeding crop with nutrients 
and conserving moisture in the dry part of the year (Chen and Weil, 2011; Clark et al., 
1994; Sainju et al., 2001; Staver and Brinsfield, 1998; Teasdale et al., 2007; Williams and 
Weil, 2004).  Different cover crops are better in improving yields than others. A 
combination of high seeding rates of vetch and low seeding rates of rye were the best for 
improving corn grain yields in Maryland (Clark et al., 1994). In both locations of the 
study, the corn grain yields of 7.5 and 5.5 Mg ha-1 were also higher when rye, vetch, and 
mixtures of the two, were killed later compared to early termination with yields of 6.6 
and 4.6 Mg ha-1. Soil moisture conservation was not measured in the study but the 
authors attributed the higher corn yield with late-killed cover crops to higher amounts of 
residue conserving moisture in the soil and more N accumulation in the cover crops from 
the added growth. In Canada, red clover produced the highest yields of corn, ranging 
from 9.27 – 10.57 Mg ha-1, and ryegrass, ranging from 5.70 – 7.24 Mg ha-1, produced the 






radish and a no cover control (Vyn et al., 1999). Corn grown after oilseed radish, ranging 
from 7.13 – 9.66 Mg ha-1 in yield, did not have differing yields than the no cover crop 
control, ranging from 7.10 – 9.13 Mg ha-1, at 50, 100, and 200% of the recommended 
fertilizer N rates. In another study (Vyn et al., 2000) with no N fertilizer applied to the 
corn, red clover increased corn yield while oat and rye cover crops reduced corn yields 
compared to oilseed radish and a no cover control. Again, oilseed radish plots did not 
differ from the no cover control.  
A mixture of forage radish and rye cover crops improved soybean yield possibly 
due to the radish providing rooting channels and the rye providing mulch on the soil 
surface at one location in Maryland (Williams, 2004). Rye reduced soybean yield at one 
location compared to the forage radish and rye mixture, possibly increasing moisture 
stress with limited precipitation. Oilseed radish and canola produced the same soybean 
yields as the no cover control. In the other location of the study, rye had the highest 
soybean yield compared to forage radish, canola, no cover with no-till, no cover with 
deep till, and a mixture of forage radish and rye. Canola had the lowest soybean yield 
compared to the other treatments due to competition with volunteer canola plants. Forage 
radish and the no cover no-till treatments had a greater soybean yield than the no cover 
deep till and a mixture of forage radish and rye. The locations may have differing results 
due to differing moisture conditions and a later planting date at the latter location.  
No-Till Effects on Soil Properties 
Erosion 
No-till reduces erosion by minimizing the detachment of soil particles from 






surface. The residue also allows the soil to remain undisturbed and build good structure. 
No-till had the least amount of surface erosion compared to chisel plow and moldboard 
plow on a rainfall simulator at 2-4% slope at 50 mm for 1 hour on an Oxyaquic 
Fragiudalfs soil in central Ohio (Choudhary et al., 1997). The moldboard plow treatment 
had four times the amount of soil runoff as the no-till treatment and one and a half times 
as chisel plow. No-till also had the least amount of surface water runoff with moldboard 
plow having twice the amount. Moldboard plow also had twice the level of soil splash 
compared to no-till and chisel plow. Another study that measured soil erosion for five 
years under normal rainfall on a 9% slope found that no-till had erosion losses of 27 kg 
ha-1 where conventional till had losses of 1,761 kg ha-1 (Harrold et al., 1970). 
Soil Water Content 
Surface residues in no-till conserve soil water by reducing evaporation and 
improving water infiltration (Blevins et al., 1983; Diaz-Zorita et al., 2004; Grandy et al., 
2006; Kladivko et al., 1986; Williams and Weil, 2004). Even though no-till soils contain 
more water in the early season which may increase nutrient loss, that excess water is 
beneficial in the late season when water is scarce (Blevins et al., 1983). In Canada, no-till 
produced 48% more tile discharge volume than conventional till because the Typic 
Argiaquolls soil had a greater wet aggregate stability, greater near-surface saturated 
hydraulic conductivity, and greater numbers and size of earthworms (Tan et al. 2002). 
These factors would cause greater infiltration into the soil and allow soil water to flow 
through rooting and earthworm channels in the soil. Infiltration rate was three times 
greater in a spring wheat – winter wheat – sunflower (Helianthus annuus) system with 






Pachic Haplustolls soil in North Dakota (Liebig et al., 2004). However, there can be 
problems with no-tillage in the spring because the residue mulch on top of the soil 
surface in no-till can result in a higher soil water content which can delay planting 
(Phillips et al., 1980).  
Organic Matter 
Many studies differ on whether no-till enhances soil organic matter possibly 
because moisture and temperature are factors that vary the decomposition of residue into 
soil organic matter. Residues decompose faster when they are tilled into the soil and no-
till allows organic matter that is on the soil surface to decompose slowly which may 
increase the amount of organic matter over time. This increase in organic matter 
improves soil microbial communities and crop productivity (Al-Kaisi et al., 2005; 
Blevins et al., 1983; Grandy et al., 2006; Ismail et al., 1994; Rhoton, 2000; Sapkota et al., 
2012). Two studies in Indiana have shown an increase in organic matter content under a 
conservation tillage system compared to a conventional system in an Ultic Hapludalfs 
soil and a Typic Endoaquolls soil (Fernandes, 1976; Cruz, 1982). In Italy, Sapkota et al. 
(2012) attributed the increase of organic matter in the surface soil in no-till to residues 
being returned to the soil, different stratification of litter, and different mineralization 
rates of litter due to different conditions like oxygen availability, pH, and moisture in a 
Typic Xerofluvents loam soil.  
Fauna and Microbes 
No-till has been shown to increase the soil microbial activity and earthworm 
populations by allowing the soil to build good structure and provide more organic matter. 






till, which was attributed to less fluctuation of temperature and moisture in no-till soils 
(Wardle, 1995). No-till increased soil microbial respiration by 80% and soil microbial 
carbon content by 70% compared to conventional till in a Typic Xerofluvents loam soil in 
Italy (Sapkota et al., 2012). In Ontario, larger earthworms, increased earthworm 
populations, and total earthworm weights were found in no-till than conventional till in a 
Typic Argiaquolls soil (Tan, 2002). In 8 of 14 sites across Indiana and Illinois, more 
earthworms were found in no-till than conventional till soils (Kladivko et al., 1997). The 
sites that had equal or more earthworms in conventional till, compared to no-till, may be 
due to a lower clay content in those soils, better soil drainage characteristics, and a 
shorter time under no-till. 
Aggregation 
Tilling the soil reduces the aggregate stability of the soil because it breaks up the 
aggregates, rooting and earthworm channels, and the microbial environment. In one 
study, a plot that had been in no-till for three years, then tilled on the fourth year, and no-
tilled again on the fifth year was compared with a plot that had been tilled all five years. 
Aggregation between the two treatments was equal in the 5th year, suggesting one year of 
tillage was enough to destroy soil structure that was built up with no-till. If soil is tilled 
every year, or every other year like most systems now, the soil structure is destroyed 
every time (Mannering et al., 1975). In a study comparing tillage systems on a Typic 
Hapludalfs silt loam soil in Ontario, the no-till system consistently had the lowest 
proportion of fine-aggregates compared to fall moldboard plow, fall chisel plow, spring 
moldboard plow, and spring moldboard plow with secondary tillage in (Vyn and 






into macroaggregates and hold together and since the no-till system had the least amount 
of fine aggregates, it has the higher aggregate stability. In opposition, conventional tillage 
had an increase in macroaggregates and a decrease in microaggregates whereas no-till 
had the opposite after four years (Malhi and Lemke, 2007). This is not what is expected 
and it is unclear as to why those results were found. 
Bulk Density, Compaction, and Penetration Resistance 
No-till soils generally have a higher bulk density than conventional soils because 
when soil is tilled, aggregates are broken up and the soil porosity is increased. No-till had 
a lower soil porosity compared to conventional till in Maryland on Aeric Endoaquults silt 
loam and Aquic Hapludults silt loam soils (Hill, 1990). In Alberta, Canada, no-till had a 
greater bulk density than conventional till after six years in an Udic Borolls soil and a 
Boralfs soil (Singh and Malhi, 2006). Similarly, no-till had a higher bulk density than fall 
moldboard plow, fall chisel plow, spring moldboard plow, and spring moldboard plow 
with secondary tillage in a Typic hapludalf soil in Ontario (Vyn and Raimbault, 1993). In 
the top 0-10 cm of soil, no-till had a lower bulk density but conventional till had lower 
bulk density below 10 cm after 15 years in treatments in a Typic Xerofluvents loam soil 
in Italy (Sapkot et al., 2012). In North Dakota, no-till had a higher bulk density in the 
surface soil but compaction was found in the lower depths of tilled soil in a Pachic 
Haplustolls soil (Liebig et al., 2004). 
No-till soils tend to have a higher penetration resistance than conventional 
because tillage loosens the soil and relieves compaction in the top depths of the soil 
(Diaz-Zorita et al., 2004; Hill, 1990; Singh and Malhi, 2006). However, there may be 






had been in no-till for four years had maximum penetration resistance values in the 10-25 
cm depth in a Typic Hapludalfs silt loam soil in Wisconsin which may reflect a tillage 
pan from long-term historical tillage (Jokela et al., 2009). In a study comparing tillage 
systems in Ontario on a Typic Hapludalfs silt loam soil, there was no difference in 
penetration resistance in tillage system at depths greater than 20 cm (Vyn and Raimbault, 
1993). In the depths above 20 cm, no-till consistently had the highest penetrometer 
resistance compared to fall moldboard plow, fall chisel plow, spring moldboard plow, 
and spring moldboard plow with secondary tillage. In contrast, no-till had lower soil 
penetration resistance in nontrafficked positions compared to moldboard plow, chisel 
plow, and ridge tillage in Indiana on a Typic Haplaqualls soil and an Aeric Ochraqualfs 
soil (Larney, 1989). Ridge tillage also had high penetration resistance in a Typic 
Haplaqualls silty clay loam, an Aeric Ochraqualfs silt loam, and a Typic Ochraqualfs silt 
loam. 
Nitrogen Cycling 
Denitrification and leaching of N can be greater in no-till, than conventional till. 
Denitrification, which is generally an issue in poorly drained soils, can occur more 
readily in wetter no-till soils. Enhanced leaching of nitrate can occur in no-till soils, 
compared to conventional till, because the undisturbed rooting and earthworm channels 
that are formed in no-till soils allow N to move deeper into the soil (Phillips et al., 1980). 
There were consistently greater losses of nitrate in tile drainage water in no-till compared 
to conventional till in a Typic Argiaquolls clay loam soil in Canada (Tan et al., 2002). 
After five years total loss was 82.3 kg N ha-1 in no-till compared to 63.7 kg N ha-1 for 






11.8 mg N L-1 and 13.5 mg N L-1 in conventional till but no-till had a 48% greater tile 
drainage volume so the cumulative loss was greater with no-till.  
Some studies have found that no-till reduces soil nitrate-N concentration and 
increases the amount of organic N in the soil (Grandy et al., 2006; Ismail et al., 1994; 
Liebig et al., 2004). Moldboard (~28 mg inorganic N kg-1) and chisel (~30 mg inorganic 
N kg-1) plow had a higher soil inorganic N concentration than no-till (~20 mg inorganic 
N kg-1) all with a vetch cover crop due to the incorporation of cover crop residue that 
mineralized quickly in a Plinthic Kandiudults soil in Georgia (Sainju et al., 2001). No-till 
(1,465 kg ha-1) had more organic N than conventional till (905 kg ha-1) in the 0-5 cm 
depth possibly due to residues being on the soil surface in no-till instead of being mixed 
into the soil in a Typic Paleudalfs soil in Kentucky (Ismail et al., 1994). However, in the 
5-15 cm depth, the organic N in no-till (2,180 kg ha-1) and conventional till (2,260 kg ha-
1) were not different and in the 15-30 cm depth, conventional till (3,045 kg ha-1) had more 
organic N than the no-till (2,805 kg ha-1). This may be attributed to the residues being 
mixed into the soil in conventional till and releasing N into the deeper depths. It may take 
many years before advantages of N cycling in no-till can be seen and more N fertilizer 
may be required to achieve the desired yields.  
No-Till Effects on Cash Crop Growth, Development, and Yield 
No-till can reduce yields because it can cause lower soil temperatures and high 
soil moisture in the spring (Bayaert et al., 2005; DeFelice et al., 2006; Diaz-Zorita et al., 
2004; Kladivko et al., 1986; Sapkota et al., 2012). No-till can also increase yields because 
there is a higher soil moisture in the cash crop mid-season when it is generally dry 






Sainju et al., 2001). The national average of yields between no-till and conventional till is 
the same but are different regionally (DeFelice et al., 2006). In the southern and western 
United States, no-till increases yields of corn and soybeans. Throughout the Ohio and 
Missouri river valleys, no-till increased the yields of soybeans but had no effect on corn 
yield. In the upper Midwest and Canada, no-till decreased corn and soybean yields. No-
till also produces greater yields in well and moderately well drained soils and lower 
yields in poorly drained soils for both corn and soybeans. In Delhi, Ontario, no-till had a 
mean soil temperature of approximately one degree C lower than conventional till from 
corn planting to emergence, emergence to four weeks after planting, and four to eight 
weeks after planting in a Psammentic Hapludalfs soil (Beyaert et al., 2005). These lower 
temperatures may have caused a lower corn leaf area, dry matter, and leaf area index in 
the no-till soil. No-till produced lower yields of winter wheat (5389 kg ha-1) compared to 
conventional till (5624 kg ha-1) averaged over eight years in a Fluventic Hapludolls soil 
in Kentucky (Diaz-Zorita et al., 2004). However, no-till produced higher soybean (2,147 
kg ha-1) and corn (10,986 kg ha-1) yields than the conventional till (2,070 and 10,269 kg 
ha-1 respectively). Yields can be higher in no-till if the cash crop is planted later when the 








CHAPTER 3. MATERIALS AND METHODS 
Site descriptions and treatments 
Field experiments were conducted at seven different locations (Figure 3.1) across 
the state of Indiana during the 2013 and 2014 growing seasons to evaluate the effects of 
cover crops on soil physical and chemical properties. Three of the locations were at 
Purdue University farms and the four other locations were on farmer-owned fields. 
Northeast Purdue Agricultural Center 
The NEPAC field (41° 6’ 15.2604” N, 85° 24’ 0.6984” W) is located near 
Columbia City, Indiana (Figure 3.1). It was previously planted in wheat and the soils 
were wet Alfisols (Table 3.1). Plot dimensions at NEPAC were 99.1 m by 9.1 m and 
were analyzed statistically as a randomized complete block. The experiment was 
organized as a split plot experimental design, with four blocks and cash crop (corn or 
soybean) as the whole unit treatments. Three cover crop treatments were randomized 
within each cash crop whole unit plot. A classical split plot experiment would have the 
same subunit treatments within each whole unit plot. However, this experiment had three 
cover crop treatments for the corn plots and three different cover crop treatments for the 
soybean plots. The whole unit error was pooled with the subunit error variance in order to 
be able to compare the six cover crop – cash crop treatments in a straight-forward 






were planted before soybean were treated as three management systems (Table 3.2). The 
first management system was the control and included no cover before corn (NC-C) 
andthe next year became no cover before soybean (NC-S). The second system included a 
mixture of oat (Avena sativa) and oilseed radish, cereal rye, and crimson clover before 
corn (4MIX-C) and the next year became a mixture of oat, oilseed radish, cereal rye, and 
crimson clover before soybean (4MIX-S). The third system included a mixture of oat and 
oilseed radish before corn (OR-C) and the next year became cereal rye before soybean 
(CR-S). In the second year of the study (2013-2014), the three treatments before corn 
stayed the same but one of the treatments before soybean changed. The mixture of oat, 
oilseed radish, cereal rye, and crimson clover was changed to a mixture of oat, oilseed 
radish, and cereal rye (3MIX-S). The crimson clover was taken out of the mixture before 
soybean because soybeans are leguminous and do not need another legume planted to 
provide N. Cover crop treatments were established in fall 2012 and fall 2013 after cash 
crop harvest.  
Southeast Purdue Agricultural Center 
 The SEPAC field (39° 2’ 25.5696” N, 85° 32’ 6.9324” W) is located near 
Butlerville, Indiana (Figure 3.1). It was previously planted in soybean and the soils were 
Alfisols, Utlisols, and Inceptisols (Table 3.1). Plot dimensions at SEPAC were 109.7 m 
by 9.1 m. and were analyzed statistically as a randomized complete block, like NEPAC. 
The field was divided into three blocks with six treatments in each block and like the 
NEPAC location, each block was divided into alternating corn/soybean rotations (Table 






location. Like at NEPAC, the one treatment before soybean changed in the second year. 
Cover crop treatments were established in fall 2012 and fall 2013 after cash crop harvest.  
Purdue University Diagnostic Training Center 
 The DTC field (40° 28’ 5.4012” N, 86° 59’ 7.6380” W) is located near West 
Lafayette, Indiana (Figure 3.1) and the soils were Alfisols (Table 3.1). Plot dimensions at 
the DTC site are 19.8 m by 3.0 m and were analyzed statistically as a randomized 
complete block, like the other two Purdue fields. The field was divided into four blocks 
with ten treatments in each block (Table 3.2). Only six treatments in each block were 
used for this study and the other four were used for other studies. Like NEPAC and 
SEPAC, each block was divided into alternating corn/soybean rotations. Three of the 
treatments were in corn and the other three treatments were in soybean and then they 
would switch in the next year. All six treatments were no tilled and consisted of different 
cover crop treatments and were the same as the 2013-14 NEPAC and SEPAC treatments. 
There were no treatments established in fall 2012 and no cover crops were planted. The 
cash crop planted in 2013 was soybean on the whole field. Cover crop treatments were 
established in fall 2013 after soybean harvest.  
DeSutter Farm 
 The DeSutter field is located near Attica, Indiana (Figure 3.1) and was previously 
planted in continuous corn since 2009. The field has also been in continuous no-till since 
1985 and the soils are Mollisols (Table 3.1). Plot dimensions were 152.4 m by 37.8 m 
and were analyzed statistically as a randomized complete block. The field was divided 
into four blocks with two treatments in each block (Table 3.2). There was also a third 






practices. These plot dimensions were 140.2 m by 18.3 m and were compared to the two 
DeSutter treatments with a t-test. The two treatments on the DeSutter farm were no tilled 
and included a no cover control (NC) and a cereal rye (CR) cover crop. The treatment on 
the neighboring farm was conventionally tilled and had no cover crops (CONV). There 
were no cover crops planted in fall 2012. The cash crops planted in 2013 were corn for 
the DeSutter farm and soybeans for the neighboring farm. Cover crops were established 
in fall 2013 after corn harvest.  
Rulon Farm 
 The Rulon field is located near Arcadia, Indiana (Figure 3.1) and was previously 
planted in a corn/soybean rotation for 20 years. This field has also been in no-till since 
1993 except for some light tillage to level the soil after installing pattern tile in 2003 and 
2004. The soils were Alfisols and Mollisols (Table 3.1). Plot dimensions were 494.7 m 
by 68.3 m and were analyzed statistically as a randomized complete block. The field was 
divided into two blocks with four treatments in each block (Table 3.2). All four 
treatments were no tilled and consisted of different cover crops. The treatments included 
a no cover control (NC), a mixture of oat and oilseed radish (OR), cereal rye (CR), and 
annual ryegrass (AR). Cover crops were established in fall 2012 and fall 2013 after cash 
crop harvest.  
Brocksmith Farm 
 The Brocksmith field is located near Vincennes, Indiana (Figure 3.1) and was 
previously planted in a corn/soybean rotation for over 20 years. The field had also been in 
continuous no-till for over 20 years and the soils were Alfisols and Mollisols (Table 3.1). 






complete block. The field was divided into three blocks with two treatments in each 
block (Table 3.2). Both treatments were no tilled and included a no cover control (NC) 
and a mixture of cereal rye, crimson clover, and oilseed radish (3MIX). There were no 
cover crops planted in fall 2012. The cash crop planted in 2013 was corn and it was 
soybean in 2014. Cover crops were established in fall 2013 after corn harvest.  
Alford Farm     
 The Alford field is located near Milan, Indiana (Figure 3.1) and was previously 
planted in a corn and soybean rotation. The soils were Alfisols (Table 3.1). Plot 
dimensions are 152.4 m by 18.3 m and were analyzed statistically as a randomized 
complete block. The field was divided into four blocks with two treatments in each block 
(Table 3.2). Both treatments were no tilled. The treatments included a mixture of wheat 
and crimson clover (WCC) every other year before corn only and a mixture of cereal rye 
and crimson clover (CRCC) every year. The field had been planted in cover crops every 
other year before corn for six years before the study began. There were no cover crops 
planted in fall 2012. The cash crop planted in 2013 was soybean and corn in 2014. Cover 
























Table 3.1 Soil series, classification, textures, and percent slope at each location by site. 






    % % 
NEPAC Blount Aeric Eqiaqualfs Silt loam 1-4 30.6 
Glynwood Aquic Hapludalfs Loam 3-6 29.6 
Morley Oxyaquic 
Hapludalfs 
Loam 3-6 17.5 
Morley Oxyaquic 
Hapludalfs 
Clay loam 5-12 21.2 
SEPAC Ryker-
Muscatatuck 












Aeric Endoaqualfs Silt loam 0-2 91.5 
Aeric Epiaqualfs  
DeSutter Waupecan Typic Argiudolls Silt loam 0-2 59.2 
Lafayette Aquic Argiudolls Silt loam 0-2 30.8 





Crosby Aeric Epiaqualfs Silt loam 0-2 48.5 
Brocksmith Patton Typic Endoaquolls Silt loam 2-6 53.9 
Sylvan Typic Hapludalfs Silt loam Nearly 
level 
41.4 
Alford Rossmoyne Aquic Fragiudalfs Silt loam 0-2 42.0 
Avonburg Fragic 
Glossaqualfs 
Silt loam 0-2 29.4 
Cincinnati Oxyaquic 
Fragiudalfs 
Silt loam 2-6 12.5 
Weisburg Oxyaquic 
Fragiudalfs 
Silt loam 2-6 11.8 
 
*Soil texture and percent slope were given as part of the classification from the Web Soil 


















2012-2013 Corn No Cover (NC-C) 
Oat/Daikon Radish/Cereal Rye/Crimson 
Clover (4MIX-C) 
Oat/Daikon Radish (OR-C) 
Soybean No Cover (NC-S) 
Oat/Daikon Radish/Cereal Rye/Crimson 
Clover (4MIX-S) 





2013-2014 Corn No Cover (NC-C) 
Oat/Daikon Radish/Cereal Rye/Crimson 
Clover (4MIX-C) 
Oat/Daikon Radish (OR-C) 
Soybean No Cover (NC-S) 
Oat/Daikon Radish/Cereal Rye (3MIX-S) 
Cereal Rye (CR-S) 
DeSutter 2012-2013 
Background 
Corn No Till No Cover (NC) 
  No Till Cereal Rye (CR) 
 2013-2014 Soybean No Till No Cover (NC) 
   No Till Cereal Rye (CR) 
DeSutter 
Neighbor 
2012-2013 Soybean Conventional Till No Cover (CONV) 







No Cover (NC) 
Oat/Daikon Radish (OR) 
Cereal Rye (CR) 







No Cover (NC)  





Soybean No Cover (NC) 
Cereal Rye/Crimson Clover (CRCC) 
2013-2014 Corn Wheat/Crimson Clover (WCC) 
Cereal Rye/Crimson Clover (CRCC) 
 
Crop Management 
 The crop management varied at each site and year but there were some 






in the fall of 2012 and/or fall of 2013. The cover crops were terminated using herbicides 
in the spring before cash crop planting at all sites. Each site also had starter and side-
dress fertilizer applied to the corn crop. Fertilizer applications are listed in Table 3.3 and 
pesticide applications are listed in Table 3.4 at all sites. Cover crop seeding dates and 
rates are listed in Tables 3.5 for 2012-2013 and 3.6 for 2013-2014 at all sites.    
At NEPAC on September 24, 2012, cover crops were seeded with a drill. On May 
13, 2013, Pioneer P0987AM1 corn was planted in 76 cm rows at 81,544 plants ha-1. On 
May 20, 2013, Asgrow AG3030 soybeans were drilled in 19 cm rows at a seeding rate of 
444,789 plants ha-1. Soybeans were harvested on October 9, 2013 and cover crops were 
seeded on October 12, 2013. Corn was harvested and cover crops were seeded on 
October 16, 2013. On May 27, 2014, Pioneer P0496 AMX corn was planted in 76 cm 
rows at 79,074 plants ha-1. On May 31, 2014, Pioneer P28T33 soybeans were planted at 
420,079 plants ha-1. Soybeans were harvested on October 23 and corn was harvested on 
October 29.  
 At SEPAC on October 4, 2012, cover crops were seeded with a drill. In spring 
2013, an herbicide application was made to kill weeds in no cover plots before soybean 
planting and one of the 4-MIX plots before soybean was also sprayed by accident. 
Pioneer P1498AM corn was planted on May 15, 2013 in 76 cm rows at 76,733 plants   
ha-1. Pioneer P93Y72 soybeans were drilled the same day in 19 cm rows at 371,287 
plants ha-1. Corn and soybeans were harvested on September 26, 2013 and cover crops 
were seeded on September 27, 2013. Corn was planted on May 6, 2014 in 76 cm rows at 
76,570 plants ha-1 and soybeans were drilled the same day in 19 cm rows at 370,500 






At DTC, fall tillage was done in 2012 with a disk. On May 15, 2013, Beck’s 
241NR soybeans were planted with a drill at 444,789 plants ha-1 in a 19 cm row spacing. 
Soybeans were harvested on September 18, 2013 and cover crops were planted on 
September 23, 2013 with a drill. On May 7, 2014, Beck’s 6179VT3 corn was planted at 
79,074 plants ha-1 in a 76 cm row spacing. On May 21, 2014, Dow 5N292R2 soybeans 
were planted with a drill at 345,947 plants ha-1 in a 19 cm row spacing. On May 22, 2014, 
an herbicide application was made to kill the cover crops grown before soybeans. The 
cereal rye had reached anthesis before the herbicides were applied which may have 
affected the results of the soybean crop. On June 15, 2014, an herbicide application was 
made to kill weeds after corn and soybean planting. There was an abundance of marestail 
in all of the plots that may have affected results. There were also waterhemp, giant 
foxtail, and chickweed weeds growing in the plots. Soybeans were harvested on October 
27 and corn was harvested on November 11, 2014.  
At DeSutter, corn was planted in spring 2013 in 76 cm rows at 88,958 plants ha-1 
with a JD 1770NT planter. The corn was harvested and cover crops were planted in the 
fall but the date is unknown. In spring 2014, soybeans were planted in 19 cm rows at 
358,302 plants ha-1 with a JD 1990CCS planter.  
At DeSutter’s neighbor site, the field was previously planted in a corn/soybean 
rotation. Soybeans were planted on May 17, 2013 in 19 cm rows with a no-till drill. The 
soybeans were harvested on October 9, 2013. Prior to planting corn in spring 2014, 
fertilizer and herbicide applications were incorporated with one pass. Pioneer corn was 






At Rulon, on September 30, 2012, cover crops were seeded with a Tye model 
2015 drill in a 19 cm row spacing. On May 4, 2013, Beck’s 6175AMX corn was planted 
with a White 8824 planter at 79,074 seeds ha-1 in 76 cm rows. On May 20, 2013, the corn 
received anhydrous ammonia (82-0-0, N-P2O-K2O) as a side-dress application with five 
different rates within each cover crop plot. The N rates were 61.7, 106.5, 128.9, 145.7, 
151.3, 196.2 kg N ha-1 and were randomized within cover crop treatments. Corn was 
harvested on September 23, 2013 and cover crops were seeded on September 25, 2013. 
On May 6, 2014, Beck’s 241NRR soybeans were planted with a Great Plains YP 2425 
planter at 345,947 seeds ha-1 in 38 cm rows. Soybeans were harvested on September 23.  
At Brocksmith on May 25, 2013, Pioneer 3319HR corn was seeded into field with 
a CaseIH 1250 16-row planter at 84,016 seeds ha-1 with 76 cm row spacing. On October 
4, 2013, corn was harvested with a Case IH 7088 combine. On October 11, 2013, cover 
crops were seeded with a Marliss no-till drill with a 19 cm row spacing. On May 6, 2014, 
Pioneer 35T58R soybeans were planted with a Kinze 3660 planter at 383,013 seeds ha-1 
with 38 cm row spacing. On September 27, 2014, soybeans were harvested with a Case 
IH 7088 combine.  
 At Alford on June 1, 2013, soybeans were planted at 420,079 seeds ha-1 in an 18 
cm row spacing. Soybeans were harvested on October 12, 2013 and cover crops were 
planted on October 18, 2013. On May 25, 2014, corn was planted at 73,884 seeds ha-1 in 






Table 3.3 Fertilizer management at each site in 2013 and 2014 by site and date.  
Site Date Material Analysis Rate of N Rate of 
P 
Rate of K Comments 
   N-P2O-K2O kg ha
-1 kg ha-1 kg ha-1  
NEPAC 21 Nov 2012 Monoammonium 
phosphate (MAP) 
11-52-0 7.40 15.26 -- Fall  
 6 Dec 2012 Potash 0-0-60 -- -- 83.74 Fall 
 13 May 
2013 
Liquid N 28-0-0 28.38 -- -- Starter 
  Ammonium 
thiosulfate 
12-0-0 1.33 -- --  
 8 Jun 2013 Liquid N 28-0-0 160 -- -- Side-dress 
 21 Apr 2014 MAP 11-52-0 -- -- -- Pre-plant by 
prescription 
  Gypsum -- -- -- -- 336.26 kg ha-1 
 27 May 
2014 
Liquid N 28-0-0 33.49 -- -- Starter 





170.67 -- -- Side-dress 
SEPAC 24 Oct 2012 Potash 0-0-60 -- -- 163.01 Fall  
  Lime -- -- -- -- 2242 kg ha-1 
 30 Apr 2013 Diammonium 
phosphate (DAP) 
18-46-0 46.40 51.75 -- Pre-plant 
 15 May 
2013 
Starter 22-11-0 43.40 9.47 -- Starter 
 11 Jun 2013 Liquid N 28-0-0 130.60 -- -- Side-dress 
 6 May 2014 Starter 22-11-0 43.40 9.47 -- Starter 
 28 May 
2014 






Table 3.3 continued. 
DTC 7 May 2014 Liquid ammonium 
polyphosphate 
10-34-0 30.00 44.51 -- Starter 
 16 May 
2014 
Liquid N 28-0-0 168.13 -- -- Side-dress 
DeSutter Fall 2012 Chicken layer 
manure 
3-4-3 134.50 78.26 111.65 Fall manure date 
unknown 
 15 May 
2013 
Liquid N 28-0-0 50.44 -- -- Applied with 
burndown herbicide 
 Spring 2013 Liquid ammonium 
polyphosphate 
10-34-0 -- -- -- Starter rate and date 
unknown 
 2 Jun 2013 Liquid N 28-0-0 134.50 -- -- Side-dress 
 Fall 2013 Chicken layer 
manure 






Lime -- -- -- -- As soil test required 
 Spring 2014 Potash 0-0-60 -- -- 111.7 Pre-plant date 
unknown 
  MAP 11-52-0 12.3 58.3 --  
 Spring 2014 Liquid N  28-0-0 224.2 -- -- Pre-plant and 
incorporated 
 Spring 2014 Liquid ammonium 
polyphosphate 
10-34-0 52.5 178.3 -- Starter 
Rulon Spring 2013 Gypsum -- -- -- -- 2241.70 kg ha-1 date 
unknown 
 4 May 2013 Liquid N 28-0-0 33.63 -- -- Starter 
        
        
        






Table 3.3 continued. 










-- -- Side-dress with 5 
rates in each cover 
crop plot 
  Ammonium 
thiosulfate 
12-0-0 5.33 -- -- Side-dress on whole 
field 
 Fall 2013 MAP 11-52-0 -- -- -- Fall applied at 
variable rates 
  Potash 0-0-60 -- -- --  
Brocksmith 15 Nov 2012 DAP 18-46-0 7.9 8.8 -- Fall 
  Potash 0-0-60 -- -- 98.1  
 30 Apr 2013 Liquid N 28-0-0 51.2 -- -- Pre-plant 
 25 May 
2013 
Liquid N 28-0-0 27.3 -- -- Starter 
  Ammonium 
thiosulfate 
12-0-0 2.96 -- --  
 16 Jun 2013 Urea ammonium 32-0-0 127.0 -- -- Side-dress 
 5 Oct 2013 Sulfate of potash-
magnesia 
0-0-22 -- -- 18.3 Fall 
  Potash 0-0-60 -- -- 99.6  
Alford Spring 2013 DAP and potash 18-46-0 and 0-
0-60 
33.3 37.1 92.1 Pre-plant date 
unknown 
 Spring 2013 Foliar 5-20-7 1.4 2.1 1.4 Foliar fertilizer post-
plant date unknown 
 Spring 2014 Foliar 5-20-7 4.3 7.4 5.0 Foliar fertilizer pre-
plant date unknown   Liquid K 0-0-25 -- -- 2.6 






Table 3.3 continued. 
 25 May 
2014 
Liquid N 28-0-0 30.1 -- -- Starter 
 16 Jun 2014 Liquid N 28-0-0 134.0 -- -- Side-dress 
  Liquid K 0-0-25 -- -- 7.8  
 
  
Table 3.4 Pesticide management at each site in 2013 and 2014 by site and date. 
Site Date Material* Rate Comments 
   kg a.i. ha-1  
NEPAC 30 Apr 2013 Herbicide A 0.64 Terminate broadleaves and crimson clover 
 Herbicide B 1.12 Terminate cover crops grown before corn 
 8 May 2013 Herbicide C 1.54 Terminate cereal rye grown before soybean 
 17 May 2013 Herbicide A 1.28 Pre-emergence for weeds in corn plots 
 Herbicide D 1.57 
 Herbicide E 1.71 
 5 Jul 2013 Herbicide C 3.09 Terminate weeds in soybean plots 
 Herbicide F 0.12 
 Herbicide B 0.47 
 Crysatal odor counteractant 
(COC) 
 
 5 May 2014 Herbicide A 0.64 Terminate weeds in corn and soybean plots 
 Herbicide C 3.09 Terminate cover crops grown before corn 
 Herbicide A 0.64 
 23 May 2014 Herbicide B 1.54 Terminate cover crops grown before soybean 
 31 May 2014 Herbicide G 36.70 g a.i ha-1 Terminate weeds in corn plots 
  Herbicide H 91.74 g a.i. ha-
1 
 
  Herbicide D 1.57  






Table 3.4 continued. 
 2 Jun 2014 Herbicide I 0.28 Terminate weeds in soybean plots 
 Herbicide J 35.69 g a.i. ha-
1 
 26 Jun 2014 Herbicide B 3.09 Terminate weeds in soybean plots 
 3 Sep 2014 Herbicide B 2.32 Terminate shattercane in a soybean plot 
SEPAC 16 Apr 2013 Herbicide A 0.32 Terminate cover crops grown before corn 
 Herbicide C 1.06 
 Herbicide K  25.00 g a.i ha-1 
 Herbicide A  0.32 Terminate weeds in no cover plots and one 
4IX-S plot accidentally grown before soybean  Herbicide C  1.06 
 Herbicide K  25.00 g a.i ha-1 
 30 Apr 2013 Herbicide C  1.06 Terminate cover crops grown before soybean 
  Herbicide K  25.00 g a.i ha-1 
 14 May 2013 Herbicide C  1.06 Terminate weeds in all plots 
 14 Jun 2013 Herbicide C  1.17 Terminate weeds in corn plots 
  Herbicide L  0.17 
  Herbicide E  1.17 
  Half Pynt surfactant  
  HENO D surfactant  
  Herbicide J  17.65 g a.i ha-1 Terminate weeds in soybean plots 
  HENO D surfactant  
  Herbicide C  1.06 
 21 Apr 2014 Herbicide C  1.06 Terminate cover crops grown before corn 
 Herbicide K  25.00 g a.i ha-1 
 Sunburst surfactant  
 2 May 2014 Herbicide C  1.06 Terminate cover crops grown before soybean 
  Herbicide K  25.00 g a.i ha-1 








Table 3.4 continued. 
DTC 17 May 2013 Herbicide B  1.06 Terminate weeds 
 17 Jun 2013 Herbicide B  1.06 Terminate weeds after soybean planting 
 23 Apr 2014 Herbicide B  1.54 Terminate cover crops grown before corn 
 22 May 2014 Herbicide B  1.54 Terminate cover crops grown before soybean 
 15 Jun 2014 Herbicide C  1.26 Terminate weeds in corn and soybean plots 
 Arrow Four surfactant  
DeSutter 15 May 2013 Herbicide G  22.93 g a.i ha-1 Terminate weeds 
 Herbicide H  57.34 g a.i ha-1 
  Herbicide D 0.52 
 Herbicide C 0.77 
 15 Jun 2013 Herbicide L 35.07 g a.i ha-1 Post plant to terminate weeds 
 Herbicide C 0.48 
 Herbicide D 0.52 
 20 Jul 2013 Herbicide M 0.11 Terminate weeds 
 Herbicide N 39.81 g a.i ha-1 
 14 May 2014 Herbicide C 0.77 Terminate cereal rye before soybean planting 
  Herbicide K 25.00 g a.i ha-1 
  Insecticide A† 0.28 Insecticide  
 25 Jul 2014 Herbicide C 0.97 Terminate weeds 
DeSutter 
Neighbor 
Spring 2013 Herbicide A Unknown Terminate weeds pre-plant 
 Herbicide C Unknown 
 Summer 2013 Herbicide C Unknown Terminate weeds post-plant 
 Spring 2014 Unknown Unknown Terminate weeds pre-plant 
 Summer 2014 Herbicide C Unknown Terminate weeds post-plant 
Rulon 1 May 2013 Herbicide B 1.54 Terminate cover crops before corn planting 
 Herbicide D 0.86 
 Herbicide E 0.68 
 Citric Acid  






Table 3.4 continued. 
 27 May 2013 Herbicide D 0.68 Terminate weeds 
 Herbicide E 0.54 
 Herbicide C 1.35 
 Array surfactant  
 4 May 2014 Herbicide I 0.13 Terminate cover crops before soybean planting 
 Herbicide J 16.60 g a.i ha-1 
 Herbicide O 8.62 g a.i ha-1 
 Crystalline Silica 1.26 g a.i ha-1 
 Herbicide A 0.80 
 Herbicide B 1.45 
 2 Jul 2014 Herbicide C 1.45 Terminate weeds 
  Herbicide P 72.19 g a.i ha-1  
  Herbicide Q 16.66 g a.i ha-1  
  Herbicide R 6.94 g a.i ha-1  
Brocksmith 30 Apr 2013 Herbicide D 1.37 Pre-plant to terminate weeds 
 Herbicide E 1.08 
 Herbicide S 0.97 
 Herbicide A 0.32 
 Surfactant 0.45 
 17 Jun 2013 Herbicide C 1.16 Terminate weeds 
 Herbicide T 77.04 g a.i ha-1 
 Herbicide U 29.94 g a.i ha-1 
 Herbicide D 0.53 
 Class Act surfactant  
 18 Apr 2014 Herbicide C 1.54 Terminate cover crops before soybean planting 
 Herbicide A 0.64 
 Herbicide V 63.05 g a.i ha-1 
 Herbicide W 21.63 g a.i ha-1 







Table 3.4. continued. 
 14 Jun 2014 Herbicide C 1.16 Terminate weeds 
 Herbicide P 52.49 g a.i ha-1 
 Class Act surfactant  
 Superb HC crop oil  
Alford Spring 2013 Herbicide X 68.82 g a.i ha-1 Pre-plant to terminate weeds 
  Herbicide Y 0.84 
  Herbicide K 25.00 g a.i ha-1 
 Summer 
2013 
Herbicide W   8.76 g a.i ha-1 Post-plant to terminate weeds 
 Herbicide F 8.99 g a.i ha-1 
 Herbicide C 34.23 g a.i ha-1 
 Herbicide P 52.49 g a.i ha-1 
 Spring 2014 Herbicide F 0.58 Terminate cover crops before corn planting 
 Herbicide C 2.19 
 Herbicide S 0.64 
 
*Herbicides were A = 2,4-D amine (2,4-dichlorophenoxyacetic acid); B = Glyphosate [N-(phosphonomethyl)glycine] + 
ammonium sulfate; C = Glyphosate [N-(phosphonomethyl)glycine]; D = Atrazine (2-chloro, 4-ethylamino, 6-isopropylamino –s- 
triazine); E = s-Metolachlor {acetamide, 2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl]-,(S)}; F = 
Fomesafen sodium salt {5-[2-chloro-4-(trifluoromethyl)phenoxy]-N-(methylsulfonyl)-2-nitrobenzamide, sodium salt}; G = 
Thiencarbazone-methyl; H = Isoxaflutole; I = Sulfentrazone; J = Cloransulam-methyl {N-(2-carbomethoxy-6-chlorophenyl)-5-
ethoxy-7-fluoro(1,2,4)triazolo-[1,5-c]pyrimidine-2-sulfonamide}; K = Saflufenacil {N’-[2-chloro-4-fluoro-5-)3-methyl-2,6-dioxo-
4-(trifluoromethyl)-3,6-dihydro-1(2H)-pyrimidinyl)benzoyl]-N-isopropyl-N-methylsulfamide}; L = Mesotrione {2-[4-
(methylsulfonyl)-2-nitrobenzoyl]-1,3-cyclohexanedione}; M = Pyraclostrobin; N = Metconazole; O = Toluene; P = Clethodim 
{((E)-2-[1-[[(3-chloro-2-propenyl)oxy]imino]propyl]-5-[2-(ethylthio)propyl]-3-hydroxy-2-2cyclohenen-1-one)}; Q = 
Naphthalene; R = Trimethylbenzene; S = Paraquat dichloride; T = Sodium salt of dicamba; U = Sodium salt difufenzopyr; V = 
Flumioxazin {2-[7-fluoro-3,4-dihydro-3-oxo-4-(2-propynyl)-2H-1,4-benzoxazin-6-yl]-4,5,6,7-tetrahydro-1H-isoindole-1,3(2H)-
dione}; W = Chlorimuron ethyl {Ethyl 2-[[[[(4-chloro-6-methoxypyrimidin-2-yl)amino]carbonyl]amino]sulfonyl]benzoate}; X = 






Table 3.4 continued. 
†Insecticide was A = Lambda-cyhalothrin technical {[1a(S*),3a(Z)]-cyano(3-phenoxypheny)methyl-3-(2-chloro-3,3,3-trifluoro-1-
propenyl)-2,2-dimethylcyclopropanecaroxylate}. 
 
Table 3.5 Cover crop management at each site in 2012-2013 by site and treatment. 


































24 Sept Drill 13.70/1.04/13.07/
4.66 
-- 22 Apr 7 May 30 Apr Clover - 
30 Apr 






-- Drill 35.23/5.55 -- 22 Apr -- 30 Apr -- 







4 Oct 4 Oct Drill 13.70/1.04/13.07/
4.66 
-- 12 Apr 30 Apr 16 Apr 30 Apr 
Oat/Daikon 
Radish 
4 Oct -- Drill 35.23/5.55 -- 12 Apr -- 16 Apr -- 





-- Drill 22.42/5.60 -- 2 May -- 1 May -- 
Cereal Rye 30 
Sept 











Table 3.6 Cover crop management at each site in 2013-2014 by site and treatment. 






























12 Oct -- Drill 12.92/1.60/12.2
1/4.51 
-- 5 May -- 5 May -- 
Oat/Daikon 
Radish 




-- 16 Oct Drill 14.48/3.60/13.6
7 
-- 5 May 20 May -- 23 May 


















-- 27 Sept Drill 14.48/3.60/13.6
7 
18 Nov 16 Apr 2 May -- 2 May 
Cereal Rye -- 27 Sept Drill 59.32 18 Nov 16 Apr 2 May -- 2 May 
           
           
           
























-- 23 Sept Drill 14.48/3.60/13.6
7 
15 Nov 21 Apr 12 May -- 22 May 
Cereal Rye -- 23 Sept Drill 59.32 15 Nov 21 Apr 12 May -- 22 May 
DeSutter Cereal Rye -- Unknown Drill 50.44 -- 7 May -- -- 14 May 
Rulon Oat/Daikon 
Radish 
-- 25 Sept Drill 22.42/5.60 6 Dec 6 May -- -- 4 May 
Cereal Rye -- 25 Sept Drill 44.83 6 Dec 6 May -- -- 4 May 
Annual 
Ryegrass 
-- 25 Sept Drill 16.81 6 Dec 6 May -- -- 4 May 
Alford Wheat/Crims
on Clover 






















Crop and Soil Measurements 
Cover Crop Biomass Measurements 
Cover crops were planted in fall 2012 at NEPAC, SEPAC, and Rulon but there 
was not enough cover crop growth to take biomass samples in fall 2012 (Figure 3.2). In 
2013, cover crop biomass samples were taken at SEPAC on November 18, DTC on 
November 15, Rulon on December 6, and Brocksmith on November 15 (Table 3.6). 
Height measurements of each cover crop species were also taken and can be found in 
Table A.1. When there was enough growth to sample (minimum 7 cm tall), the cover 
crops were sampled for biomass one time in the fall before the cover crops were winter 
killed by a killing frost or went into dormancy for the winter. At the Purdue research 
sites, two samples were taken from each plot within 0.25 m2 frames. The cover crops 
were measured for their height and photos were taken for the amount of ground cover. 
The above-ground biomass was cut 2.5 cm from the ground and dried at 60 degrees C. 
The biomass samples were weighed, ground, and analyzed for total nitrogen content. At 
the farmer sites, one sample was taken from each plot within a hula hoop with known 
dimensions. The above-ground biomass was cut 2.5 cm from the ground and analyzed for 
N content at A&L Great Lakes Laboratory (Fort Wayne, Indiana). The samples were 
analyzed for N content using the Dumas method as described by Bremner (1996). There 
was not enough biomass to sample at NEPAC, DeSutter, and Alford in fall 2013. Cover 
crops were not planted until fall 2013 at DTC, DeSutter, Brocksmith, and Alford, so all 






DeSutter where the CONV and both no-till treatments, NC and CR, were comparing the 
tillage system. 
Cover crop biomass samples were taken in the spring at NEPAC on April 22 and 
May 7, SEPAC on April 12 and April 30, and Rulon on May 2 in spring 2013 (Table 
3.5). There were no cover crops growing at the other sites in spring 2013. In spring 2014, 
samples were taken at NEPAC on May 5 and May 20, SEPAC on April 16 and May 2, 
DTC on April 21 and May 12, DeSutter on May 7, Rulon on May 6, Alford on April 30, 
and Brocksmith on April 16 (Table 3.6). Height measurements were also taken at each 
biomass sampling for each cover crop species and can be found in Table A.1. The Purdue 
research sites were sampled two times in the spring because there were corn and soybean 
treatments at those locations. The cover crops grown before corn were terminated 
approximately two weeks before corn planting. This was done to avoid potential 
allelopathy and nutrient tie up from the cereal rye before corn. The cover crops grown 
before soybeans can be terminated right before soybean planting because soybeans are 
not affected by cereal rye allelopathy and are legumes that fix their own nitrogen. Five of 
the treatments were sampled before the corn treatments were terminated. The CR-S was 
not sampled in the first round of sampling in 2013 but was in 2014 to determine the 
amount of growth between the two sampling dates. The treatments before soybean were 
sampled again before the cover crops grown before soybean were terminated. These 
samples were analyzed the same way as in the fall.   
Soil NO3-N and NH4-N Concentration Measurements 
Soil NO3-N and NH4-N concentrations were taken in the spring, pre-sidedress N 






various times during the growing season (Figure 3.2). The spring and fall samples were 
taken at the same time as cover crop biomass sampling before the cover crops were 
terminated or went into dormancy in the winter. The PSNT sampling was taken before 
sidedress N was applied. These samples were taken at 0-30 and/or 30-60 cm depths as 
listed in Table 3.7. Fifteen cores were taken in each plot at each site except for DTC 
where only seven cores were taken due to the small size of the plots. All samples were 
prepared for analysis by air-drying and grinding to pass a 2 mm sieve. These samples 
were sent to A&L Laboratories (Fort Wayne, IN) for NO3-N concentration and NH4-N 
concentration analysis. The samples were extracted with 1 N KCl for inorganic-N and 
analyzed colormetrically for soil NO3-N concentration by using the Griess-Ilosvay 
method (Mulvaney, 1996) and soil NH4-N concentration using the Berthelot method 
(Keeney and Nelson, 1982).  
In fall 2012, soil NO3-N concentration and NH4-N concentration samples were 
taken at NEPAC on November 8 and SEPAC on November 13. In fall 2013, samples 
were taken at NEPAC on November 25, SEPAC on November 18, DTC on November 
19, 21, and 24, DeSutter on November 27, Rulon on December 11, Alford on December 
2, and Brocksmith on November 15.  
In spring 2013, soil NO3-N concentration and NH4-N concentration samples were 
taken at NEPAC on April 22, SEPAC on April 15, DTC on May 8, DeSutter on May 1, 
Rulon on May 3, Alford on April 25, and Brocksmith on April 10. In spring 2014, 
samples were taken at NEPAC on May 8, SEPAC on April 16, DTC on April 21, 






In 2014, samples were taken at the PSNT sampling time at NEPAC on June 23, 
DTC on June 12, DeSutter on June 6, Rulon on June 25, Alford on June 10, and 
Brocksmith on June 9 at the PSNT sampling time. These samples were taken right before 
sidedress nitrogen was applied to corn. There were no soil NO3-N concentration and 
NH4-N concentration samples taken in 2013 at the PSNT sampling time. 
Soil Moisture Measurements 
Soil moisture was taken at the same time as cover crop biomass and soil NO3-N 
concentration and NH4-N concentration sampling in the spring, PSNT sampling time, and 
fall (Figure 3.2). This measurement correlates to how the cover crops affect the soil 
moisture at different points in the growing season. Soil moisture was also taken when 
penetration resistance was taken in early summer. Penetration resistance is varied by how 
wet the soil is, so soil moisture samples were taken at that time. Two soil cores were 
taken in each plot from various depths listed in Table 3.7. Soil moisture samples are put 
into metal cans and weighed for wet mass in grams. Then, the samples are oven-dried at 
105 degrees C and weighed again for an oven-dry mass in grams. The mass of water in 
the original sample divided by the mass of oven-dry soil gives the moisture content        
in g g-1.  
In fall 2013, soil moisture samples were taken at DeSutter on November 25, 
Alford on December 2, and Brocksmith on November 14. Soil moisture samples were not 
taken in fall 2012. 
In spring 2013, soil moisture samples were taken at NEPAC on April 22, SEPAC 
on April 30, DTC on May 8, DeSutter on May 2, and Rulon on May 1, and Brocksmith 






SEPAC on April 16 and May 2, DTC on April 21 and May 20, DeSutter on May 8, Rulon 
on May 6, and Brocksmith on April 16.  
In 2013 at the PSNT sampling time, soil moisture samples were taken at Rulon on 
June 20, Alford on June 20, and Brocksmith on June 19. In 2014 at the PSNT sampling 
time, samples were taken at NEPAC on June 23, SEPAC on June 9, DTC on June 12, 
DeSutter on June 5, Alford on June 9, and Brocksmith on June 9.  
In 2013 at the time that penetration resistance was measured, soil moisture 
samples were taken at NEPAC on June 12, SEPAC on June 11, DTC on June 3, DeSutter 
on June 6, Rulon on June 20, and Alford on July 11. In 2014, samples were taken at 
NEPAC on June 23 and SEPAC on June 9.  
Soil Temperature Measurements 
Soil temperature was taken at the same time as cover crop biomass and soil NO3-
N concentration and NH4-N concentration sampling in the spring, PSNT, and fall in 
2014. Refer to the sampling timeline for all soil temperature sampling times in Figure 
3.2. It was not measured in 2012 or 2013. This measurement correlates to how the cover 
crops change the soil temperature at a point in the season. Each plot was measured with a 
soil thermometer that was inserted into the soil at 5 cm depth (Table 3.7). Two 
measurements were taken in each plot and averaged for the plot sample. 
In spring 2014, soil temperature measurements were made at NEPAC on May 5 
and May 20, SEPAC on May 2, DTC on May 20, DeSutter on May 8, Alford on June 9 
and July 25, and Brocksmith on April 16. At the PSNT sampling time in 2014, soil 
temperature measurements were taken at NEPAC on June 23, SEPAC on June 9, and 






Soil Fertility Measurements 
Soil samples comprised of 15 cores per plot were taken to a 20 cm depth in spring 
2013 at all sites (Table 3.7). Samples were prepared for analysis by air-drying and 
grinding to pass a 2 mm sieve. Soil pH (measured with a glass electrode pH meter in a 
1:1 soil-water slurry) (McLean, 1982) and several essential crop nutrients (Mehlich-3 
extract with quantification by ICP) (Mehlich, 1984) were determined by A&L Great 
Lakes Laboratories (Fort Wayne, IN).  
Soil Aggregation Measurements 
Soil aggregation was taken to measure soil tilth and soil’s ability to resist slaking. 
Aggregation soil samples were taken in early summer 2013 and 2014 at all sites (Figure 
3.2). Three soil slices (12.5 cm x 5.1 cm x 5.1 cm) were taken in each plot at 0-5 cm 
depth with a flat bottomed spade (Table 3.7). The samples were pushed through an 8 mm 
sieve while moist and then spread out to air dry. After air drying, the samples were 
passed through a 2 mm sieve and anything that passed through the sieve was discarded. 
The samples were then analyzed using the wet-sieving aggregate stability method as 
described by Kemper and Rosenau (1986). Two subsamples of each sample were wet 
sieved on nests of sieves with opening sizes of 4.76, 2.0, 1.0, and 0.21 mm. The mean 
weight diameter of each subsample was found by multiplying the weighted average of 
aggregate size by aggregate weight. In 2013, samples were taken at NEPAC on June 12, 
SEPAC on June 11, DTC on June 14, DeSutter on June 6, Rulon on June 20, and Alford 
on July 11. In 2014, samples were taken at NEPAC on June 23, SEPAC on June 9, DTC 
on June 12, DeSutter on June 27, Rulon on July 2, Alford on June 26, and Brocksmith on 






Soil Bulk Density Measurements 
Bulk density samples were taken in early summer 2013 at all sites and 2014 at all 
sites except DTC (Figure 3.2). At NEPAC and SEPAC, only the corn treatments were 
taken in 2013 and only the soybean treatments were taken in 2014 to take the sample 
from the same physical plot every year. Three intact soil cores were taken in each plot at 
0-10 cm and 10-20 cm depths in 2013 and 0-10 cm depth in 2014 (Table 3.7). Then we 
analyzed the samples for soil bulk density using the core method as described by Blake 
(1965).  
Soil Water Retention Measurements 
The intact core samples that were taken for bulk density were also used for water 
retention measurements (Figure 3.2). These cores were analyzed for water retention at 
saturation and -9.8 kPa, which represents field capacity for these soils. The cores were 
analyzed for -9.8 kPa on sand tables and using the method described by Klute (1986). 
Other samples were taken with a 1.9 cm diameter soil probe at 0-10 and 10-20 cm depths 
in 2013 and 0-10 depth in 2014 (Table 3.7). These samples were air-dried and ground to 
2 mm. These samples were analyzed for -1500 kPa, which represents wilting point for 
these soils, on pressure plates using the method described by Klute (1986). For the 
amount of available water, the -1500 kPa measurement was subtracted from the -9.8 kPa 
measurement.  
Soil Penetration Resistance Measurements 
Soil penetration resistance was taken in the spring when plots were near field 
capacity with a cone penetrometer using the method described by Lowery and Morrison 






Penetration resistance measurements were taken in early summer 2013 at all sites and at 
NEPAC and SEPAC in 2014 (Figure 3.2). Eight measurements were taken with a CP40II 
digital cone penetrometer (RMF Australia, LTD) in each plot at 0-60 cm depth. The cone 
area was 323 mm2 and 20.3 mm in diameter. A measurement was taken every 2.5 cm and 
recorded with the penetrometer.  
Soil Moisture and Temperature Probes 
 Decagon 5TM probes were placed into the soil at 10 and 20 cm depths and they 
recorded the soil moisture and temperature every hour (Table 3.7). The measurements 
were recorded in a Decagon EM50 digital/analog data logger and were downloaded 
approximately every one or two months using the Decagon ECH2O Utility software 
(Decagon Devices, Pullman, WA). The data logger held four probes which were placed 
in two locations in the same plot. One data logger was placed in one rep of a treatment at 
each site. Because the sensors could not be placed in more than one rep due to cost, there 
was no statistical analysis performed, but data graphs are included in Appendix B. Two 
of the probes were at the 10 cm depth and the other two were placed at the 20 cm depth. 
The probes were placed in the soil in the spring before the cover crops were killed and 
taken out before cash crop planting. They were removed before planting because the 
planting equipment might have disrupted the 10 cm depth probes. After planting, the 
probes were replaced. They were taken out again before side-dressing corn in the corn 
plots because of disruption from the equipment. Probes that were placed into soybean 
plots were not removed at this time. After side-dressing, the probes were replaced and 






harvest, the probes at NEPAC, SEPAC, and DTC were replaced over the winter and then 
taken out before cash crop planting in the spring.  
Plant Population Measurements 
Corn and soybean plant population counts were taken in spring 2014. Corn 
population count was taken by counting the number of corn plants in 4.05 m2 of two 5.31 
m rows in the plot. Soybean population count was taken by counting the number of 
soybean plants in a hula hoop (ranging from 45.7-91.4 cm diameter) in two places in the 
plot. Population counts were done at NEPAC on June 23, SEPAC on June 9, DTC corn 
on October 17, and Alford on June 9. 
SPAD Readings on Corn Tissue Measurements 
Chlorophyll meter (SPAD) readings were taken during corn silking to assess the 
N status of the corn crop during the growing season (Figure 3.2). The SPAD readings 
were taken in 2013 at NEPAC, SEPAC, DeSutter, Rulon, and Brocksmith and in 2014 at 
NEPAC, SEPAC, DTC, and Alford. Thirty measurements were taken with a Konica 
Minolta SPAD-502Plus meter in each corn plot on the ear leaves of corn plants with the 
method described by Schepers et al. (1998). The SPAD meter uses two LEDs to measure 
the transmittance of radiation through a 2 mm by 3 mm area on the leaf. The first LED 
has a peak at 660 nm that chlorophyll absorbs and the other LED has a peak at 940 nm 
that the chlorophyll transmits. The meter calculates a SPAD value that is proportional to 
the chlorophyll concentration in the corn leaf using the ratio of transmittance from the 






Stalk NO3-N Concentration Measurements 
Stalk NO3-N concentration samples were taken within two to three weeks of 
physiological maturity of corn (Figure 3.2). These samples assess the N status of the corn 
crop at the end of the growing season. Fifteen stalk NO3-N concentration samples were 
taken during black layer in corn in 2013 at NEPAC, SEPAC, DeSutter, Rulon, and 
Brocksmith and in 2014 at NEPAC, SEPAC, DTC, and Alford. The samples that were 
taken from the stalks were 20 cm in length and were taken 15 cm off the ground. The 
stalks were analyzed for NO3-N concentration content at Midwest Laboratories, Inc. 
(Omaha, NE). The samples were analyzed for NO3-N concentration using the cadmium 
reduction automated FIA determination method described by the Official Methods of 
Analysis (1990). 
Cash Crop Yield 
Combine yield monitors were used to measure yields of cash crops in each 
treatment (Figure 3.2). At NEPAC and SEPAC, the center six rows of the plots were 































Table 3.7 Soil depths at which each parameter was taken by parameter and sampling 
time. 
Parameter Time Depth 1  Depth 2  Depth 3  Depth 4  
  cm cm cm cm 
Soil NO3 and NH4 Fall 2012 0-30    
Fall 2013 0-30 30-60   
Spring 0-30 30-60   
PSNT  0-30    
Soil Moisture Fall, Spring, PSNT 0-10 10-20   
Penetrometer 0-15 15-30 30-45 45-60 
Soil Temperature Fall, Spring, PSNT 0-5    
Soil Fertility Spring 0-20    
Soil Aggregation 2013 & 2014 0-5    
Soil Bulk Density 2013 0-10 10-20   
2014 0-10    
Water Retention at 
-9.8 kPa 
2013 0-10 10-20   
2014 0-10    
Water Retention at 
-1500 kPa 
2013  0-10 10-20   
2014 0-10    
Decagon Sensors 2013 & 2014 10 20   
 
Statistical Analysis 
Statistical analyses were conducted with SAS version 9.3 and 9.4 (SAS Institute 
Inc., Cary, NC). Results from each location and year were analyzed separately because 
management was different for each. Error variances were pooled for models where the 
majority of error variances were not significant at P=0.25 for the analysis of variance 
models with more than one error term. This allowed for more degrees of freedom in the 
pooled error variances. Cover crop biomass, soil temperature, soil fertility, soil bulk 
density, soil total porosity, soil water retention at saturation, -9.8 kPa and -1500 kPa, soil 
available water, penetration resistance, SPAD readings, corn stalk NO3-N concentration, 
and cash crop yield measurements were analyzed as a randomized complete block 
experimental design using the GLM model. LSD mean separation tests were used to 






(DM) values at NEPAC on 20 May 2014 were log transformed, biomass DM values at 
NEPAC on 5 May 2014 were square root transformed, and total biomass N content at 
DTC on 21 Apr 2014 and NEPAC on 5 May 2014 were square root transformed to 
improve the homogeneity of variance but were reported as back transformations.  
Soil NO3-N and NH4-N concentrations, soil moisture, and soil penetration 
resistance were analyzed as split-block experimental design with the cover crop 
treatments as the whole unit and depth as a split-block treatment using the MIXED 







CHAPTER 4. RESULTS 
General observations and notes 
In 2012, there was a drought that affected Indiana as shown in the tables of 
monthly precipitation (Tables 4.1-4.3) for each site. The first cover crops were planted in 
fall 2012 at NEPAC, SEPAC, and Rulon and may have been affected by this drought. No 
cover crop biomass could be taken at these sites in the fall of 2012 because there was not 
enough cover crop growth before they winter-killed or went dormant. Cover crops were 
planted in fall 2013 at DTC, DeSutter, Brocksmith, and Alford, so all measurements 
taken before then are considered background with one exception at DeSutter where the 
two no-till treatments, NC and CR, are compared to the CONV treatment for differences 
in tillage systems.  
The cover crops planted before corn were killed about two weeks before corn 
planting and cover crops planted before soybean were let grow until right before planting 
at NEPAC, SEPAC, and DTC, and there was substantial growth between those two 
sampling dates. In fall 2013, there was not very much cover crop biomass collected, 
which may be due to later than optimum planting dates and temperatures dropping 
quickly. The temperatures dropped below 0°C in January and February of 2014 and the 







zone 5 and 6 and crimson clover may not overwinter in this area in harsh winters (Clark, 







Table 4.1 Precipitation monthly means for the 30 year normal (1981-2010), 2012, 2013, and 2014 at the Purdue sites. 
 NEPAC* SEPAC† DTC‡ 
 30 Year 
Normal 
2012 2013 2014 30 Year 
Normal 
2012 2013 2014 30 Year 
Normal 
2012 2013 2014 
 cm Deviation from 30 year 
normal, cm 
cm Deviation from 30 year 
normal, cm 
cm Deviation from 30 year 
normal, cm 
Jan 5.84 -0.25 1.48 -0.35 7.67 5.03 3.58 1.70 4.88 2.38 1.24 -0.77 
Feb 5.38 -0.22 -1.14 2.19 7.49 -3.32 -1.80 0.87 4.72 -2.21 1.27 1.76 
Mar 7.34 -2.72 -3.99 -5.26 9.53 4.52 -0.84 -5.39 6.63 -3.73 -5.08 -3.35 
Apr 9.32 -7.85 10.72 0.28 11.38 -2.82 -1.93 5.08 9.09 -4.64 13.95 1.02 
May 10.92 -6.70 -6.12 -1.47 12.78 -6.46 -2.47 0.68 12.09 -3.25 -2.56 0.36 
Jun 11.33 -8.92 12.77 4.65 10.92 -8.00 6.45 2.06 10.39 -6.17 2.01 4.42 
Jul 10.36 -0.53 -6.27 -4.80 11.48 -2.39 -5.74 6.05 10.67 -7.98 -3.66 -1.14 
Aug 9.75 3.03 0.82 -0.73 10.87 -6.40 -9.63 -5.97 9.17 10.62 -4.34 11.94 
Sep 8.08 -2.92 -2.26 3.12 7.95 3.02 3.23 -1.42 7.16 3.20 1.88 7.14 
Oct 7.62 -0.18 -2.13 1.04 9.30 -0.71 0.71 0.71 7.75 3.68 -2.44 7.26 
Nov 8.48 -7.16 -1.77 -0.68 10.16 -7.80 -4.32 -4.37 8.23 -6.27 -2.72 -2.13 
Dec 6.88 -0.78 0.79 -3.65 9.04 0.61 5.23 0.97 6.22 -0.35 0.59 -1.67 
Total 101.30 -35.20 2.90 -5.66 118.57 -24.72 -7.53 0.97 97.00 -14.72 0.14 24.84 
 
*The 30 year normal, 2012, 2013, and 2014 data was taken from the Columbia City, IN station that is 6.9 km from the NEPAC 
site. 
†The 30 year normal, 2012, 2013, and 2014 data was taken from the North Vernon 2 ESE, IN station that is 7.2 km from the 
SEPAC site. 








Table 4.2 Precipitation monthly means for the 30 year normal (1981-2010), 2012, 2013, and 2014 at two farmer sites. 
 DeSutter* Rulon† 
 30 Year 
Normal 
2012 2013 2014 30 Year 
Normal 
2012 2013 2014 
 cm Deviation from 30 year 
normal, cm 
cm Deviation from 30 year 
normal, cm 
Jan 6.48 0.45 2.26 -2.24 5.74 2.11 8.59 -0.15 
Feb 6.15 -3.15 0.78 2.59 5.36 -2.08 -0.15 2.54 
Mar 7.75 -3.15 -2.59 -4.02 7.70 0 -3.92 -2.29 
Apr 9.96 -5.72 10.11 1.95 9.45 -3.38 12.57 8.28 
May 12.01 -6.07 -4.24 -7.69 11.48 -4.14 -5.26 1.19 
Jun 12.14 1.35 -3.50 6.91 11.40 -9.24 5.87 4.91 
Jul 11.38 -10.97 -8.10 0.33 10.92 -3.96 -1.90 -5.79 
Aug 9.02 7.95 -2.75 2.08 7.39 3.74 -4.72 9.98 
Sep 8.05 4.57 M -1.93 7.90 9.09 0.43 1.60 
Oct 8.31 4.57 -2.85 4.67 7.19 4.09 1.70 0.05 
Nov 10.36 -7.77 -4.06 -4.95 8.61 -5.97 0.58 -0.81 
Dec 7.87 -0.55 -0.12 -3.58 7.47 -0.74 1.45 -2.31 
Total 109.48 -18.49 -15.06 -5.88 100.61 -10.48 15.24 17.20 
 
* The 30 year normal data was taken from the Crawfordsville, IN station that is 43.5 km from the DeSutter site and the 2012, 
2013, and 2014 data was taken from the Attica 3.4 SSW, IN station that is 7.6 km from the DeSutter site. 
† The 30 year normal data was taken from the Tipton 5 SW, IN station that is 11.7 km from the Rulon site and the 2012, 2013, and 








Table 4.3 Precipitation monthly means for the 30 year normal (1981-2010), 2012, 2013, and 2014 at two farmer sites. 
 Brocksmith* Alford† 
 30 Year 
Normal 
2012 2013 2014 30 Year 
Normal 
2012 2013 2014 
 cm Deviation from 30 year 
normal, cm 
cm Deviation from 30 year 
normal, cm 
Jan 6.86 2.33 8.89 -2.57 7.77 7.80 1.45 0.84 
Feb 6.25 -3.28 -0.08 -1.22 6.83 -3.53 -1.22 0.64 
Mar 9.27 -2.49 -1.14 -6.37 9.30 -1.63 2.41 -3.53 
Apr 10.95 -2.49 2.69 10.74 10.77 -2.74 -0.20 7.59 
May 15.06 -11.68 9.25 -7.39 13.13 -3.78 -2.21 -7.14 
Jun 10.64 -9.45 10.57 6.20 10.08 -5.51 5.97 2.44 
Jul 11.79 -7.75 -2.75 -3.61 10.74 -4.16 -5.81 1.20 
Aug 8.66 0.84 -7.01 4.95 8.05 -2.41 1.81 -2.49 
Sep 8.56 16.46 -1.27 -0.91 7.04 4.82 0.10 -0.33 
Oct 9.58 0.53 4.19 3.45 7.85 2.23 2.46 0.48 
Nov 10.64 -7.13 -3.43 -3.71 9.37 -7.39 -2.00 -2.11 
Dec 8.69 -3.05 6.25 0.10 8.76 2.87 5.36 1.76 
Total 116.95 -27.16 26.16 -0.34 109.69 -13.43 8.12 -0.65 
 
* The 30 year normal, 2012, 2013, and 2014 data was taken from the Vincennes 5 NE, IN station that is 8.2 km from the 
Brocksmith site. 
†The 30 year normal data was taken from the Brookville, IN station that is 28.8 km from the Alford site and the 2012, 2013, and 








Cover Crop Biomass Measurements 
NEPAC 
There was no biomass taken in the fall of 2012 or 2013 due to the small amount 
of growth in the plots. In spring 2013, there was no difference between 4MIX-C and 
4MIX-S in biomass DM, N concentration, or N content at the first sampling (22 Apr 
2013) (Table 4.4). The CR-S was not sampled because it was not being terminated at this 
time, but was sampled in 2014 to evaluate the amount of growth between the two 
sampling dates. The cover crop mixes contained the same cover crops growing (cereal 
rye and crimson clover), thus no difference in growth was expected. There was no living 
oats or daikon radish tissue to sample in the OR-C treatment or weeds to sample in the no 
cover crop treatments preceding corn or soybean (NC-C or NC-S). There was substantial 
growth in the spring of 2013 from the cover crops that overwintered. There was 
substantial residual N at the end of 2012 possibly from the drought as shown in the NO3-
N and NH4-N concentration results presented later. The poor corn yields in the fall of 
2012 likely resulted in large amounts of residual N that may have caused the cover crops 
to grow more than usual and have greater aboveground biomass. 
The treatments with cover crops growing before soybeans (4MIX-S and CR-S) 
were let grow longer and were sampled again before termination. When attempting to 
increase the effects of cover crops on soil health, it is important to have significant 
growth and biomass; allowing the cover crops to grow longer before soybean may 
enhance those benefits on the plants and soil. In the second sampling (7 May 2013), 







concentration and content did not (Table 4.4). The CR-S (5051 kg ha-1) treatment had 
more biomass DM than the 4MIX-S (2974 kg ha-1) treatment. The only cover crops 
sampled at this time were cereal rye and crimson clover because all other cover crops in 
the 4MIX-C had winter killed. The CR-S treatment had a higher seeding rate of cereal rye 
than the 4MIX-S treatment and cereal rye tends to grow more rapidly in the spring than 
crimson clover (Clark, 2012, pp. 67), which may explain the difference in growth 
between cover crop treatments.  
 In spring 2014, there was a difference in biomass DM, N concentration, and N 
content in the first sampling (5 May 2014) (Table 4.4). The 4MIX-C (395 kg ha-1) and 
CR-S (327 kg ha-1) treatments had more biomass DM than the 3MIX-S (169 kg ha-1) and 
NC-C (3 kg ha-1) treatments and the 3MIX-S had more DM than the NC-C. The NC-C 
treatment had very few weeds and therefore very little biomass. There was no living oats 
or daikon radish tissue to sample in the OR-C treatment or weeds to sample in the NC-S 
treatment. The 4MIX-C and 3MIX-S only had cereal rye growing because the other 
covers were winter killed, including the crimson clover, so the treatments were not 
expected to be different. One explanation may be that the crimson clover growing in the 
fall and the previous soybean crop in the 4MIX-C treatment provided N to the cereal rye 
growing in the spring and caused it to produce more DM than the 3MIX-S treatment. The 
CR-S treatment had a higher seeded rate of cereal rye than the 4MIX-C and 3MIX-S 
which may explain the differences in growth between the CR-S and the mixes.  
The 3MIX-S (46 g N kg-1), 4MIX-C (42 g N kg-1), and NC-C (46 g N kg-1) 
treatments had higher N concentrations than the CR-S (31 g N kg-1) treatment in the first 







legume and the seeding rate is very high, so there may not be room for weed growth. 
There may have been some room for weed growth in the other treatments since the other 
covers had winter killed. The weeds may have a higher percent N than the cereal rye 
because as a plant grows and gets older, the C:N ratio increases and the cereal rye in the 
treatments may have been older than the weeds.  
The 4MIX-C (16.5 kg N ha-1) treatment had a higher N content than the 3MIX-S 
(8.1 kg N ha-1) and NC-C (0.1 kg N ha-1) treatments because it had more biomass DM in 
spring 2014 at the first sampling (Table 4.4). The 4MIX-C and CR-S (10.2 kg N ha-1) 
treatments also had higher N contents than the NC-C treatment and the 3MIX-S treatment 
had a higher N content than the NC-C treatment for the same reason.  
In the second sampling (20 May 2014), there was a difference in biomass DM and 
N content between cover crop treatments but not in N concentration (Table 4.4). 
Similarly to the spring 2013 sampling, the CR-S (1228 kg ha-1) treatment had more 
biomass DM than the 3MIX-S (659 kg ha-1) treatment. This may be because the seeding 
rate for cereal rye is higher in the CR-S treatment and the crimson clover had been killed 
in the winter. The CR-S (24.4 kg N ha-1) treatment also had a higher N content than the 
3MIX-S (17.7 kg N ha-1) treatment because the CR-S treatment had more DM. 
SEPAC 
There was not much cover crop and weed growth at SEPAC in fall 2012 so 
samples were not taken. In the first sampling (12 Apr 2013), the 4MIX-S and 4MIX-C 
treatments produced more biomass and accumulated more N than the weeds growing in 
the other cover crop treatments that winter killed or the no cover crop treatments (Table 







crop treatments as well. The 4MIX-C and 4MIX-S treatments were expected to have a 
higher N concentration because they contained the legume crimson clover whereas the 
other treatments did not have a legume. Weed biomass, N concentration, and N content 
were similar in the no cover crop controls and the cover crop treatments that contained 
oats and daikon radish which winter killed. 
In the second sampling (30 Apr 2013), the CR-S treatment produced significantly 
more biomass than the 4MIX-S treatment possibly due to a higher seeding rate of cereal 
rye in the CR-S treatment (Table 4.4). The treatments did not significantly differ in N 
concentration or content even though the 4MIX-S treatment contained the legume 
crimson clover. One explanation may be that the cereal rye in the CR-S treatment took up 
more N than the 4MIX-S treatment.  
After cash crop harvest in fall 2013, cover crops were seeded in the plots and 
biomass samples were taken before a hard frost. In the fall (18 Nov 2013), biomass and N 
content did not differ among planted cover crop treatments, but there was a slight 
decrease in N concentration of cover crop biomass after corn preceding soybean (3MIX-S 
and CR-S) compared to after soybean preceding corn (4MIX-C and OR-C) (Table 4.4). 
The previous soybean crop may have contributed more N to the cover crop treatments 
than those planted into the previous corn crop. There were no weeds growing in the no 
cover plots. The 4MIX-C and OR-C contained daikon radish and crimson clover whereas 
the CR-S treatment did not and as expected, the treatments with daikon radish (4MIX-C, 
OR-C, and 3MIX-S) were not statistically different. The daikon radish grows rapidly in 
the fall and stores N in the tuber and leafy, broad leaves and there was substantial radish 







between the treatments with radish the CR-S treatment that contains only a grass cover 
crop.  
Cover crops in CR-S, 3MIX-S, and 4MIX-C treatments had more biomass and N 
content than the other treatments including weeds in the no cover crop treatments, but 
there were no differences in N concentration among cover crop and no cover treatments 
in spring 2014 at the first sampling (Table 4.4). The crimson clover did overwinter at this 
site but may not have grown enough in the 4MIX-C treatment to contribute higher 
amounts of N in the biomass than the CR-S and 3MIX-S treatments. In the second 
sampling (2 May 2014), there were no differences in biomass, N concentration, and N 
content between the two cover crop treatments preceding soybean (3MIX-S and CR-S) 
because they both contained only cereal rye at the time (Table 4.4).  
DTC 
In the fall (15 Nov 2013), there were significant differences in biomass DM, N 
concentration and N content among cover crop treatments (Table 4.4). The 3MIX-S 
treatment had more biomass than all other cover crop treatments. There was very little or 
no weed growth in the no cover treatments. The 3MIX-S treatment had the same seeding 
rate of cereal rye, oats, and daikon radish as the 4MIX-C but did not include crimson 
clover which may have led to less competition from other plants. Oats also grow more 
rapidly in the fall than cereal rye which may have led to more biomass production in the 
3MIX-S treatment than CR-S. The OR-C treatment had a higher N concentration than all 
other treatments possibly due to a higher seeding rate of daikon radish. The CR-S and 
4MIX-C treatments had significantly higher N concentrations than the 3MIX-S treatment 







may have a lower C:N ratio than the 3MIX-S treatments. Oats grow more rapidly in the 
fall and may have been older than the cereal rye causing a higher C:N ratio in the oats. 
The 3MIX-S treatment had more N content than the CR-S treatment due to having more 
biomass DM. There was very little or no N content in the no cover treatments due to the 
small amount of weed DM.  
 In spring 2014, there were differences in biomass DM, N concentration and N 
content among cover crop treatments at the first sampling (21 Apr 2014) (Table 4.4). The 
CR-S treatment had more biomass than all other treatments. Cereal rye grows very 
rapidly in the spring and the CR-S treatment had a higher seeding rate of cereal rye than 
the two mix treatments (4MIX-C and 3MIX-S). There was weed growth in the treatments 
with no growing cover crops (OR-C, NC-C, and NC-S) but less DM than the treatments 
with cover crops. The OR-C treatment had a higher N concentration than all other 
treatments except 4MIX-C, which contained crimson clover. This is not expected but the 
weeds in this treatment may have contained a higher percent N than the cover crops. 
There may also have been N provided to the weeds by the daikon radish that had winter 
killed. The CR-S treatment had a higher N content than all other treatments due to having 
more biomass DM. The treatments with cover crops also had higher N contents than 
treatments with only weeds growing (OR-C, NC-C, and NC-S) for the same reason. The 
NC-S had slightly more biomass DM than the OR-C treatment that caused a statistically 
higher N content even though the OR-C treatment had a statistically higher N 
concentration. In the second sampling (12 May 2014), the CR-S treatment had more 







or content (Table 4.4). The difference in DM may be due to the higher seeding rate of 
cereal rye in the CR-S treatment. 
DeSutter 
Cover crops were planted in fall 2013 but there was not enough growth to take 
samples. In the spring (7 May 2014), samples were taken on the CR plots but not on the 
NC plots because there was no cover crop growing and there were not enough weeds to 
take samples (Table 4.4). These were not included in the statistics because there was only 
one treatment; however a good amount of biomass was collected from the CR plots. The 
CR treatment produced 608 kg ha-1 of biomass, 15 g N kg-1, and 21.1 kg N ha-1. This 
amount of growth was comparable to the other sites and the low N concentration is from 
cereal rye being a grass species that generally has a low N concentration in the top 
growth.  
Rulon 
 Cover crops were planted in fall 2012 but there was not enough growth to take 
samples. In the spring (2 May 2013), only one plot in the CR treatment was taken on the 
whole field (Table 4.4). Because only one plot was taken, the data could not be included 
in the statistical analysis. This plot produced 1530 kg ha-1 of biomass, 22 g N kg-1, and 
33.1 kg N ha-1. This is a great amount of cereal rye growth compared to the other sites at 
this time. In the spring of 2014 (6 May 2014), samples were taken from one plot in the 
CR treatment and one plot in the AR treatment (Table 4.4). Because only one plot was 
taken from two treatments, they could not be included in the statistical analysis. The CR 
plot produced 1378 kg ha-1 of biomass, 20 g N kg-1, and 26.9 kg N ha-1. The AR plot 







the cereal rye produced a great amount of biomass compared to the other sites. The AR 
plot did not produce as much biomass due to slower growth than cereal rye in the spring 
but it did have a greater percent N than the CR plot.  
Brocksmith 
 Cover crops were planted in fall of 2013 (15 Nov 2013) on the 3MIX plots but 
there was not enough weed growth to take samples on the NC plots (Table 4.4). The 
3MIX treatment produced 124 kg ha-1 of biomass, 33 g N kg-1, and 4.0 kg N ha-1. There 
was not much cover crop growth but there was a high N concentration due to having 
crimson clover and daikon radish in the mixture. In the spring (16 Apr 2014), there was 
no difference in biomass DM, N concentration and N content between the two treatments 
(NC and 3MIX). There were many weeds in the NC treatment which may have 
contributed to the similarity between the two treatments.  
Alford 
Cover crops were planted in fall 2013 but could not be sampled because there was 
not enough cover crop growth. In the spring (2 May 2014), there was no difference in 
biomass DM, N concentration, or N content between the two treatments (WCC and 
CRCC) (Table 4.4). The two treatments are very similar and no difference was expected 













Table 4.4 Above ground cover crop biomass DM, N concentration, and N content as 
affected by cover crop treatment and sampling date for each site. 
Site Date Treatment Biomass DM  N Concentration N Content  
   kg ha-1  g N kg-1 kg N ha-1 
NEPAC 22 Apr 
2013 
NC-C 0†‡ -- 0 
4MIX-C 622a* 36a 21.9a 
OR-C 0 -- 0 
NC-S 0 -- 0 
4MIX-S 735a 35a 25.2a 
7 May 
2013 
4MIX-S 2974b 25a 73.7a 
CR-S 5051a 18a 93.2a 
5 May 
2014 
NC-C 3c¶ 46a§ 0.1c 
4MIX-C 395a 42a 16.5a 
OR-C 0 -- 0 
NC-S 0 -- 0 
3MIX-S 169b 46a 8.1b 
CR-S 327a 31b 10.2ab 
20 May 
2014 
3MIX-S 659b 27a 17.7b 
CR-S 1228a 20a 24.4a 
SEPAC 12 Apr 
2013 
NC-C 135b 25bc 3.2b 
4MIX-C 553a 33ab 17.4a 
OR-C 152b 23c 3.1b 
NC-S 200b 22c 4.4b 
4MIX-S 494a 36a 17.7a 
30 Apr 
2013 
4MIX-S 420b 24a 23.8a 
CR-S 2183a 17a 36.6a 
18 Nov 
2013 
NC-C 0 -- 0 
4MIX-C 470a 42a 19.5a 
OR-C 563a 41a 23.0a 
NC-S 0 -- 0 
3MIX-S 413a 38ab 16.0a 
CR-S 396a 35b 14.0a 
16 Apr 
2014 
NC-C 340b 27a 9.1b 
4MIX-C 913a 30a 27.0a 
OR-C 207b 26a 5.3b 
NC-S 140b 28a 3.8b 
3MIX-S 747a 31a 22.9a 
CR-S 953a 27a 25.6a 
2 May 
2014 
3MIX-S 2700a 19a 50.1a 
CR-S 2913a 17a 49.0a 
      
      
      







Table 4.4 continued. 
DTC 15 Nov 
2013 
NC-C 0 -- 0 
4MIX-C 582b 37b 21.6ab 
OR-C 578b 40a 22.7ab 
NC-S 43c 36bc 1.6c 
3MIX-S 800a 34c 27.3a 
CR-S 534b 37b 20.0b 
21 Apr 
2014 
NC-C 328c 27b 7.8cd 
4MIX-C 919b 28ab 25.5b 
OR-C 155c 32a 4.8d 
NC-S 341c 26b 8.5c 
3MIX-S 994b 26b 25.3b 
CR-S 1802a 25b 44.1a 
12 May 
2014 
3MIX-S 3295b 16a 53.2a 
CR-S 4815a 15a 74.2a 
DeSutter 7 May 
2014 
NC 0 -- 0 
CR 608 35 21.1 
Rulon 2 May 
2013 
CR 1530 22 33.1 
6 May 
2014 
CR 1378 20 26.9 
AR 297 34 10.1 
Brocksmith 15 Nov 
2013 
NC 0 -- 0 
3MIX 124 33 4.0 
16 Apr 
2014 
NC 480a 20a 9.4a 
3MIX 677a 23a 15.7a 
Alford 2 May 
2014 
WCC 184a 36a 6.5a 
 CRCC 198a 36a 7.1a 
 
DM = dry matter; NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue 
Ag Center; DTC = Diagnostic Training Center; NC-C = no cover before corn; 4MIX-C = 
oat/daikon radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before 
corn; NC-S = no cover before soybean; 4MIX-S = oat/daikon radish/cereal rye/crimson 
clover before soybean; 3MIX-S = oat/daikon radish/cereal rye before soybean; CR-S = 
cereal rye before soybean; NC = no cover; OR = oat/daikon radish; CR = cereal rye; AR 
= annual ryegrass; 3MIX = cereal rye/crimson clover/daikon radish; WCC = 
wheat/crimson clover; CRCC = cereal rye/crimson clover 
*Values within the same column, site, and sampling date that contain the same lower case 
letter are not significantly different at the P ≤ 0.05 level. 
†Values with no letter were not included in the statistical analysis. 
‡0 or -- values mean samples were not taken because there was no plant growth  
§Values that are reported as LSmeans due to missing data: all N concentration at NEPAC 
on 5 May 2014, all N concentration at SEPAC on 12 Apr 2013, both biomass DM at 









Table 4.4 continued. 
¶Values were log or square root transformed but reported as back transformations are 
biomass DM at NEPAC on 5 May 2014 and 20 May 2014 and N content at NEPAC on 5 
May 2014 and DTC on 21 Apr 2014 
 
Soil NO3-N and NH4-N Concentrations 
 Cover crop treatment did not affect soil NH4-N in the upper 60 cm of soil at any 
site or sampling date (data not shown). In 6 of 15 depth comparisons (0-30 vs. 30-60 cm 
depths averaged over cover crop treatments) soil NH4-N was higher in the upper depth 

























Table 4.5 Cover crop treatment had no effect on soil NH4-N at any site or sampling time. 
Treatment means for the site and date are shown averaged over all cover crop treatments 
if soil NH4-N did not vary with depth. Otherwise the mean for each depth is 
Site Sampling Date Soil NH4-N, mg kg
-1 




NEPAC 8 Nov 2012 4.3 -- -- 
 22 Apr 2013 -- 2.4a 1.5b 
 25 Nov 2013 -- 4.3a 3.0b 
 8 May 2014 -- 4.7a 3.2b 
 23 Jun 2014 4.2 -- -- 
SEPAC 13 Nov 2012 5.7 -- -- 
 15 Apr 2013 -- 4.2a 3.2b 
 18 Nov 2013 -- 5.0a 4.4b 
 16 Apr 2014 -- 4.4† 4.0 
DTC 19 Nov 2013 4.3 -- -- 
 21 Apr 2014 5.0 -- -- 
 12 Jun 2014 5.4 -- -- 
DeSutter 1 May 2013 Background 2.3 -- -- 
 27 Nov 2013 2.6 -- -- 
 8 May 2014 7.0 -- -- 
 6 Jun 2014 3.2 -- -- 
Rulon 3 May 2013 -- 6.4 5.6 
 11 Dec 2013 2.7 -- -- 
 13 May 2014 -- 3.9 3.8 
 25 Jun 2014 2.9 -- -- 
Brocksmith 10 Apr 2013 Background -- 3.3 2.8 
 15 Nov 2013 -- 2.8a 1.5b 
 16 Apr 2014 2.4 -- -- 
 9 Jun 2014 3.0 -- -- 
Alford 25 Apr 2013 Background 2.8 -- -- 
 2 Dec 2013 -- 2.1 2.0 
 30 Apr 2014 4.3 -- -- 
 10 Jun 2014 3.3 -- -- 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; DTC = 
Diagnostic Training Center 
*Values within the 0-30 cm depth and 30-60 cm depth columns, site, and sampling date 
that contain the same lower case letter are not significantly different at the P ≤ 0.05 level. 
†Values with no letter in the 0-30 cm depth and 30-60 cm depth columns were not 








 In the fall of 2012 (8 Nov 2012), only the 0-30 cm depth was sampled and the two 
treatments preceding soybean with cover crops (4MIX-S and CR-S) tended to have lower 
soil NO3-N concentrations than the other treatments (Table 4.6).  The 4MIX-C and OR-C 
treatments were also expected to have lower soil NO3-N concentrations than the two no 
cover treatments but there was not enough growth to take biomass samples and all of the 
NO3-N concentrations were high compared to other sampling times. There may not have 
been enough cover crop growth to have an effect on soil NO3. 
In the spring (22 Apr 2013), there was there was no treatment * depth effect on 
soil NO3-N concentration or difference in depth but there was a difference in cover crop 
treatment (Table 4.7). The CR-S mean was excluded from the statistical analysis because 
it had zero variance. The two mixes (4MIX-C and 4MIX-S) tended to have lower NO3-N 
concentrations than the treatments with no cover crops growing (NC-C, NC-S, and OR-
C). The treatments with growing cover crops were expected to have lower NO3-N 
concentrations because the cover crops were taking up NO3.  
In the next fall (25 Nov 2013), there was not a treatment*depth effect on soil 
NO3-N concentration but there were significant differences between cover crop 
treatments (Table 4.7) and depths (Table 4.8). The three treatments planted after soybean 
and preceding corn (NC-C, 4MIX-C, and OR-C) had higher NO3-N concentrations than 
the treatments planted after corn and preceding soybean (NC-S, 3MIX-S, and CR-S). 
Soybeans fix their own nitrogen which may lead to excess NO3 in the soil after harvest. 







may be due to accumulated NO3 from the breakdown of previous corn and soybean 
residue in the upper depth of the soil.  
In the next spring (8 May 2014), there was a treatment * depth (Figures 4.1 and 
4.2) effect on soil NO3-N concentration. Within the treatments with no growing cover 
crops (NC-C, OR-C, and NC-S), the 0-30 cm depth had a higher NO3-N concentration 
than the 30-60 cm depth (Figure 4.1). The previous corn and soybean residue may be 
releasing N and with no cover crops to take it up in these treatments, the NO3 may be 
accumulating in the top depth of the soil. Within the treatments with growing cover crops 
(4MIX-C, 3MIX-S, and CR-S), the two depths were not statistically different. Within the 
0-30 cm depth, the three treatments preceding corn (NC-C, 4MIX-C, and OR-C) and the 
no cover treatment preceding soybean (NC-S) tended to have higher NO3-N 
concentrations than the two treatments preceding soybean with growing cover crops 
(3MIX-S and CR-S) (Figure 4.2). The treatments preceding corn were planted after 
soybeans in the previous fall and may have excess NO3 because soybean residue has a 
lower C:N ratio and may be releasing more N than the corn residue. The crimson clover 
did not overwinter in the 4MIX-C treatment and may not have contributed to the higher 
NO3-N concentration. The NC-S treatment is expected to have a higher NO3-N 
concentration than the 3MIX-S and CR-S treatments because there were no cover crops 
to take up N. Within the 30-60 cm depth, the three treatments preceding corn had higher 
NO3-N concentrations than the treatments preceding soybean, which may be due to 
soybean residue releasing more N than the corn residue.  
At the PSNT sampling time (23 Jun 2014), only the 0-30 cm depth was taken and 







concentrations than those in soybean (NC-S, 3MIX-S, and CR-S) (Table 4.6). Similar to 
the spring 2014 results, the previous soybean residue may be releasing more N than the 
previous corn residue. The NC-C and OR-C treatments had a higher NO3-N 
concentration which may be due to not having growing cover crops in the spring. The 
NC-S treatment, although not statistically different, was higher than the 3MIX-S and CR-
S treatments which may also be due to having no spring cover crops growing.   
SEPAC 
 In fall of 2012 (13 Nov 2012), only the 0-30 cm depth was taken and there was no 
difference between treatments in soil NO3-N concentration. There was not enough cover 
crop growth to take biomass samples so the cover crops may not have grown enough to 
take up more NO3 than the no cover treatments. In the spring (15 Apr 2013), there was no 
treatment * depth effect on soil NO3-N concentration but there was a significant 
difference between cover crop treatments (Table 4.7) and depth (Table 4.8). The CR-S 
mean was not included in the statistical analysis because it had zero variance. The two 
mixes (4MIX-C and 4MIX-S) had lower NO3-N concentrations than those with no 
growing cover crops (NC-C, NC-S, and OR-C), which is expected because the cover 
crops were taking up N. The 30-60 cm depth had a higher NO3-N concentration than the 
0-30 cm depth, which may be caused by NO3 leaching.  
In the next fall (18 Nov 2013), there was no treatment * depth effect on soil NO3-
N concentration but there was a significant difference between cover crop treatments 
(Table 4.7) and depths (Table 4.8). The two no cover treatments (NC-C and NC-S) had a 
higher NO3-N concentration, as expected, than the treatments with growing cover crops 







a higher NO3-N concentration than the 0-30 cm depth, which may be caused by NO3 
leaching.  
In the spring (16 Apr 2014), there was a difference between treatments in the 30-
60 cm depth on soil NO3-N concentration (Table 4.9). The 0-30 cm depth was not 
included in the statistical analysis because it had zero variance. The three treatments with 
no growing cover crops (NC-C, NC-S, and OR-C) had higher NO3-N concentrations, as 
expected, than the three treatments with cover crops growing (4MIX-C, 3MIX-S, and 
CR-S).  
DTC 
Cover crops were not planted until fall 2013 but background samples were taken 
on the four quadrants in spring 2013 (8 May 2013). The NO3-N concentrations in the 0-
30 cm depths for the NW, NE, SW, and SE quadrants were 3.0, 3.0, 2.0, and 2.0 mg kg-1 
respectively and in the 30-60 cm depth were 3.0, 3.0, 3.0, and 2.0 mg kg-1 respectively. 
The NH4-N concentrations in the 0-30 cm and 30-60 cm depths for the four quadrants 
were all 2.0 mg kg-1. In the next fall (19 Nov 2013), there was no treatment * depth effect 
on soil NO3-N concentration but there was a difference between treatments (Table 4.7) 
and depths (Table 4.8). The OR-C mean was not included in the statistical analysis 
because it had zero variance. The two no cover treatments (NC-C and NC-S) had higher 
NO3-N concentrations, as expected, than the remaining treatments with growing cover 
crops (4MIX-C, 3MIX-S, and CR-S). The 0-30 cm depth had a higher NO3-N 
concentration than the 30-60 cm depth, which may be caused by corn and soybean 







were not included in the statistical analysis in spring 2014 because they had zero 
variance. 
 At the PSNT sampling time (12 Jun 2014), only the 0-30 cm depth was taken and 
the three treatments that did not have cover crops growing in the spring (NC-C, NC-S, 
and OR-C) tended to have a higher soil NO3-N concentration, as expected, than those that 
did have growing cover crops (4MIX-C, 3MIX-S, and CR-S) (Table 4.6). The OR-C 
treatment had a higher NO3-N concentration than the NC-C treatment which may be 
caused by the quick release of N from the winter-killed daikon radish in the OR-C 
treatment. The NC-S treatment, which was in soybean at the time, may have had a similar 
NO3-N concentration to the OR-C treatment because soybeans fix their own N. 
DeSutter 
Cover crops were not planted until fall of 2013 but background samples were 
taken in spring 2013 (1 May 2013) and there was no difference between cover crop 
treatments or depths in soil NO3-N concentration, as expected. This ensures that there 
were no differences before treatments were established. In the next fall (27 Nov 2013), 
there was a treatment * depth effect on soil NO3-N concentration (Figures 4.3 and 4.4). 
Within the both treatments (NC and CR), the 0-30 cm depth had a higher NO3-N 
concentration than the 30-60 cm depth (Figure 4.3). Nitrate leaching typically occurs over 
the winter, so leaching in the fall is not expected. Within the 0-30 cm depth, the CR 
treatment had a higher NO3-N concentration than the NC treatment (Figure 4.4). The 
cereal rye was expected to take up more NO3 than the NC treatment however, there was 







30-60 cm depth, the two treatments were not statistically different, which may also be 
caused by very little cover crop growth.  
In the next spring (8 May 2014), there was a treatment * depth effect on soil NO3-
N concentration (Figures 4.3 and 4.4). Within the NC treatment, the depths were not 
statistically different. The NO3 may have leached from the upper 60 cm of soil causing 
the two depths to be similar. Within the CR treatment, the 30-60 cm depth had a higher 
soil NO3-N concentration than the 0-30 cm depth, which may be caused by the cereal rye 
roots taking up more NO3 in the top depth. Within the 0-30 cm depth, the NC (7.3 mg  
kg-1) treatment had a higher NO3-N concentration, as expected, than the CR (2.0 mg kg
-1) 
treatment. Within the 30-60 cm depth, the two treatments were not statistically different, 
which may indicate that the cereal rye roots are taking up N from only the top depth.  
At the PSNT sampling time (6 Jun 2014), only the 0-30 cm depth was taken and 
the NC treatment had a higher NO3-N concentration than the CR treatment, as expected 
(Table 4.6). These values were high compared to other sites and sampling times which 
may be due to the growing soybean crop fixing N.  
Rulon 
Cover crops were planted in fall of 2012 but samples were not taken until spring 
2013 (3 May 2013) where there was no treatment * depth effect on soil NO3-N 
concentration but there was a difference between treatments (Table 4.7). The two 
treatments with no growing cover crops (NC and OR) and AR treatment had higher NO3-
N concentrations than the CR treatment. The AR and CR treatments were not expected to 







than annual ryegrass and may take up more N. The CR treatment was also the only 
treatment that was sampled for biomass so it may have taken up more N.  
In the next fall (11 Dec 2013), there was no difference between treatments or 
depths in soil NO3-N concentration. The NC and AR means were not included in the 
statistical analysis because they had zero variance. The biomass sampling was flawed at 
this time but there may not have been much cover crop growth or N uptake.  
In the next spring (12 May 2014), there was no treatment * depth effect on soil 
NO3-N concentration but there was difference between the two depths (Table 4.8). The 
CR-S mean was not included in the statistical analysis because it had zero variance. The 
0-30 cm depth (5.7 mg kg-1) had a higher NO3-N concentration than the 30-60 cm depth 
(3.8 mg kg-1), which may be caused by N release in the top depth from corn and cover 
crop residue.  
At the PSNT sampling time (25 Jun 2014), only the 0-30 cm depth was taken and 
there was no difference in soil NO3-N concentration between cover crop treatments. The 
CR mean was not included in the statistical analysis because it had zero variance. The OR 
treatment was expected to have a higher concentration than the other treatments because 
the winter killed radish rapidly releases N that it scavenged in the previous fall and had 
no cover crop growing in the spring to take it up. However, there was no evidence that 
the N concentrations were lower with the OR treatment in the fall, so that may have 
caused the similarity in those two treatments. The two treatments that had cover crops 
growing in the spring were also expected to have lower NO3-N concentrations but there 








Cover crops were not planted until fall 2013 but background samples were taken 
in spring 2013 (10 Apr 2013) and there was a treatment * depth effect on soil NO3-N 
concentration (Figures 4.5 and 4.6). This was not expected because there were no cover 
crops growing at the time and treatments had not been established. Within the NC 
treatment, the two depths were not statistically different (Figure 4.5). Within the 3MIX 
treatment, the 0-30 cm depth (6.3 mg kg-1) had a higher soil NO3-N concentration than 
the 30-60 cm depth (5.0 mg kg-1), which may be caused by N release from previous cash 
crop residue. Within the 0-30 cm and 30-60 cm depths, the 3MIX treatment had a higher 
NO3-N concentration than the NC treatment (Figure 4.6). This difference in the 
background data may affect the results in the following sampling dates.  
In the next fall (15 Nov 2013), there was no treatment * depth effect on soil NO3-
N concentration but the 0-30 cm depth had a higher NO3-N concentration than the 30-60 
cm depth (Table 4.8). Similarly to other sites and sampling times, there may be a higher 
concentration in the top depth due to corn residues releasing N into the soil. The cover 
crops were expected to be taking up NO3 but there was not enough growth to take 
biomass samples which may indicate that the plants were too small to take up NO3. In the 
spring (16 Apr 2014), there was no depth or treatment * depth effect on soil NO3-N 
concentration but the NC treatment had a higher NO3-N concentration than the 3MIX 
treatment, as expected.  
At the PSNT sampling time (9 Jun 2014), only the 0-30 cm depth was taken and 
there was no difference between the two treatments in soil NO3-N concentration. Because 







expected to have a lower NO3-N concentration than the NC treatment. However, the 
cover crops were terminated on 18 Apr and the crimson clover may have lowered the 
C:N ratio causing N to be released from the cover crops earlier than expected. 
Alford 
Cover crops were not planted until fall of 2013 but background samples were 
taken in spring of 2013 (25 Apr 2013) and there were no differences in soil NO3-N 
concentration between treatments or depths, as expected. This ensures that the field was 
the same before treatments were established.  
In the next fall (2 Dec 2013), there was no treatment * depth effect on soil NO3-N 
concentration but the 0-30 cm depth had a higher NO3-N concentration than the 30-60 cm 
depth (Table 4.8). A difference between the two treatments (WCC and CRCC) was not 
expected because wheat and cereal rye are very similar plants. The top depth may have a 
higher NO3-N concentration due to the previous soybean residue releasing N.  
 In the spring (30 Apr 2014), there was no treatment * depth effect on soil NO3-N 
concentration but the 0-30 cm depth had a higher NO3-N concentration than the 30-60 cm 
depth (Table 4.8). Similarly to the fall 2013 results, the top depth may have a higher 
concentration from soybean residues releasing N into the soil. The crimson clover in both 
treatments may also be contributing to a higher concentration in the top depth. At the 
PSNT sampling time (10 Jun 2014), only the 0-30 cm depth was taken and there was no 
difference in soil NO3-N concentration between the two treatments. Similarly to the other 
sampling times at this site, the two treatments were very similar so there was not an 







Table 4.6 Soil NO3-N concentration as affected by cover crop treatment and sampling 
date for each site where only 0-30 cm depth was sampled. 
Site Date Treatment Soil NO3-N 
Concentration  
   mg kg-1 
























DeSutter 6 Jun 2014 NC 17.8a 
CR 11.3b 




Brocksmith 9 Jun 2014 NC 7.3a 
  3MIX 5.7a 













Table 4.6 continued.  
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; DTC = 
Diagnostic Training Center; NC-C = no cover before corn; 4MIX-C = oat/daikon 
radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before corn; NC-
S = no cover before soybean; 4MIX-S = oat/daikon radish/cereal rye/crimson clover 
before soybean; 3MIX-S = oat/daikon radish/cereal rye before soybean; CR-S = cereal 
rye before soybean; NC = no cover; OR = oat/daikon radish; CR = cereal rye; AR = 
annual ryegrass; 3MIX = cereal rye/crimson clover/daikon radish; WCC = wheat/crimson 
clover; CRCC = cereal rye/crimson clover 
*Values within the same column, site, and sampling date that contain the same lower case 
letter are not significantly different at the P ≤ 0.05 level. 
†Values with no letter were not included in the statistical analysis due to zero variance. 
 
Table 4.7 Soil NO3-N treatment main effect averaged over depth (LSmeans). 
Site Date Treatment Soil NO3-N 
Concentration 
   mg kg-1 


















SEPAC 15 Apr 2013 NC-C 3.2a 
 4MIX-C 1.2b 
 OR-C 3.2a 
 NC-S 3.0a 
 4MIX-S 1.3b 
 CR-S 1.0 
    







Table 4.7 continued. 
 18 Nov 2013 NC-C 5.3a 
 4MIX-C 3.7b 
 OR-C 3.3b 
 NC-S 4.2ab 
 3MIX-S 3.5b 
 CR-S 3.0b 
DTC 19 Nov 2013  NC-C 4.0a 
 4MIX-C 1.8b 
 OR-C 2.0 
 NC-S 4.6a 
 3MIX-S 1.6b 
 CR-S 1.9b 
 21 Apr 2014 NC-C 2.5 
 4MIX-C 1.0 
 OR-C 2.8 
 NC-S 2.5 
 3MIX-S 1.0 
 CR-S 1.0 
DeSutter 1 May 2013  NC 5.5a 
CR 5.1a 
27 Nov 2013 NC 9.4a 
CR 11.8a 
8 May 2014 NC 7.1a 
CR 3.8b 












Brocksmith 10 Apr 2013 
Background 
NC 4.2b 
 3MIX 5.7a 
 15 Nov 2013 NC 4.2a 
 3MIX 3.7a 
 16 Apr 2014 NC 3.2a 
 3MIX 1.5b 
Alford 25 Apr 2013 
Background 
WCC 4.1a 







Table 4.7 continued. 
 2 Dec 2013 WCC 5.9a 
 CRCC 5.4a 
 30 Apr 2014 WCC 3.3a 
 CRCC 3.8a 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; DTC = 
Diagnostic Training Center; NC-C = no cover before corn; 4MIX-C = oat/daikon 
radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before corn; NC-
S = no cover before soybean; 4MIX-S = oat/daikon radish/cereal rye/crimson clover 
before soybean; 3MIX-S = oat/daikon radish/cereal rye before soybean; CR-S = cereal 
rye before soybean; NC = no cover; OR = oat/daikon radish; CR = cereal rye; AR = 
annual ryegrass; 3MIX = cereal rye/crimson clover/daikon radish; WCC = wheat/crimson 
clover; CRCC = cereal rye/crimson clover 
*Values within the same column, site, and sampling date that contain the same lower case 
letter are not significantly different at the P ≤ 0.05 level 
†Values with no letter were not included in the statistical analysis due to zero variance 
 
Table 4.8 Soil NO3-N depth main effect averaged over treatment (LSmeans). 
Site Date Depth  Soil NO3-N 
Concentration 
  cm kg mg-1 
NEPAC 22 Apr 2013 0-30 2.6a 
30-60 2.6a 
25 Nov 2013 0-30 3.8a 
30-60 2.7b 
8 May 2014 0-30 4.0a 
30-60 2.7b 
SEPAC 15 Apr 2013 0-30 1.9b 
30-60 2.8a 
18 Nov 2013 0-30 3.2b 
30-60 4.4a 
DTC 19 Nov 2013 0-30 3.2a 
30-60 2.4b 
21 Apr 2014 0-30 1.8† 
30-60 1.8 
DeSutter 1 May 2013  0-30 5.6a 
30-60 5.0a 
27 Nov 2013 0-30 14.8a 
30-60 6.4b 
8 May 2014 0-30 4.6b 
30-60 6.3a 







Table 4.8 continued. 
Rulon 3 May 2013 0-30 4.1a 
30-60 3.4a 
11 Dec 2013 0-30 4.0a 
30-60 3.3a 
12 May 2014 0-30 5.7a 
30-60 3.8b 




15 Nov 2013 0-30 5.0a 
30-60 2.8b 
16 Apr 2014 0-30 2.5a 
30-60 2.2a 




2 Dec 2013 0-30 7.4a 
30-60 3.9b 
30 Apr 2014 0-30 3.9a 
30-60 3.1b 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; DTC = 
Diagnostic Training Center 
*Values within the same column, site, sampling date, and depth that contain the same 
lower case letter are not significantly different at the P ≤ 0.05 level. 















Table 4.9 Soil NO3-N as affected by cover crop treatment and sampling date at SEPAC 
where both depths were taken but one was excluded from statistical analysis because it 
had zero variance. 
Site Date Depth Treatment Soil NO3-N 
Concentration 
  cm  mg kg-1 
SEPAC 16 Apr 
2014 
0-30 NC-C 2.0*† 
 4MIX-C 1.0 
 OR-C 3.3 
 NC-S 2.0 
 3MIX-S 1.0 
 CR-S 1.0 







SEPAC = Southeast Purdue Ag Center; NC-C = no cover before corn; 4MIX-C = 
oat/daikon radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before 
corn; NC-S = no cover before soybean; 3MIX-S = oat/daikon radish/cereal rye before 
soybean; CR-S = cereal rye before soybean 
*Values within the same column, site, sampling date, and depth that contain similar lower 
case letters are not significantly different at the P ≤ 0.05 level 











Figure 4.1 Soil NO3-N concentration treatment * depth effect within treatment at 
NEPAC on 8 May 2014. 
NEPAC = Northeast Purdue Ag Center; NO3-N = nitrate-N concentration; NC-C = no 
cover before corn; 4MIX-C = oat/daikon radish/cereal rye/crimson clover before corn; 
OR-C = oat/daikon radish before corn; NC-S = no cover before soybean; 3MIX-S = 
oat/daikon radish/cereal rye before soybean; CR-S = cereal rye before soybean 
*Values within the same treatment that contain the same lower case letter are not 

























































Figure 4.2 Soil NO3-N concentration treatment * depth effect within depth at NEPAC on 
8 May 2014. 
NEPAC = Northeast Purdue Ag Center; NO3-N = nitrate-N concentration; NC-C = no 
cover before corn; 4MIX-C = oat/daikon radish/cereal rye/crimson clover before corn; 
OR-C = oat/daikon radish before corn; NC-S = no cover before soybean; 3MIX-S = 
oat/daikon radish/cereal rye before soybean; CR-S = cereal rye before soybean 
*Values within the same depth that contain the same lower case letter are not 




Figure 4.3 Soil NO3-N concentration treatment * depth effect within treatment at 
DeSutter on 27 Nov 2013 and 8 May 2014. 
NO3-N = nitrate-N concentration; NC = no cover; CR-S = cereal rye  
*Values within the same sampling date and treatment that contain the same lower case 

























































































Figure 4.4 Soil NO3-N concentration treatment * depth within depth at DeSutter on 27 
Nov 2013 and 8 May 2014.Figure 4. Soil NO3-N concentration treatment * depth within 
depth at DeSutter on 27 Nov 2013 and 8 May 2014. 
NO3-N = nitrate-N concentration; NC = no cover; CR-S = cereal rye  
*Values within the same sampling date and depth that contain the same lower case letter 




Figure 4.5 Soil NO3-N concentration treatment * depth within treatment at Brocksmith 
on 10 Apr 2013 background data.Figure 4.5 Soil NO3-N concentration treatment * depth 
within treatment at Brocksmith on 10 Apr 2013 background data. 
NO3-N = nitrate-N concentration; NC = no cover; 3MIX = cereal rye/crimson 
clover/daikon radish 
*Values within the same treatment that contain the same lower case letter are not 


















































































Figure 4.6 Soil NO3-N concentration treatment * depth effect within depth at Brocksmith 
on 10 Apr 2013 background data. 
NO3-N = nitrate-N concentration; NC = no cover; 3MIX = cereal rye/crimson 
clover/daikon radish 
*Values within the same depth that contain the same lower case letter are not 
significantly different at the P ≤ 0.05 level 
 
Biomass N and Soil NO3-N Comparison 
 The soil NO3-N concentration was generally lower in the treatments with cover 
crops growing and the cover crop biomass had a higher N content than the weed biomass. 
The soil NO3-N was expected to be scavenged by the cover crops, so a calculation was 
done to compare the difference in N content in the plant biomass to the difference in soil 
NO3-N content. The difference in biomass N was found by subtracting the average N 
content in the treatments with only weeds from the average N content in the treatments 
with cover crops. The difference in soil NO3-N content to a depth of 60 cm was found by 
subtracting the average soil NO3-N content in the treatments with cover crops from the 
average NO3-N content in the treatments with only weeds. In the fall, the two no cover 












































treatments and the OR-C contained only weed biomass. The soil NO3-N concentrations 
were converted to kg NO3-N ha
-1 in the 0-60 cm depth using the following equation: 
NO3-N concentration * soil bulk density * 60 cm depth = soil NO3-N content in kg ha
-1    
(eqn.1) 
 The average bulk densities measured at each site in the 0-10 cm depth were used as the 
bulk density in the calculation (eqn.1). The DTC bulk density was not measured, so the 
SEPAC bulk density was used for DTC calculations. The difference of the two contents 
were found by subtracting the Δ soil NO3-N from the Δ biomass N content.  
 The difference between cover crop and weed N content was determined in the fall 
at only three locations. At this time the amount of N recovered by the cover crop equaled 
or exceeded the change in soil NO3-N to a depth of 60 cm between cover crop and no 
cover crop treatments (Table 4.10; Figure 4.7). 
Cover crop N content was determine in the spring at nine locations (Table 4.10). 
Dependent on the location, cover crop N was greater or lesser than the change in soil 
NO3-N to a depth of 60 cm. When the difference in N content between cover crop and 
weed N content was small, the difference in soil NO3-N between the cover crop 
treatments was greater than the change in plant N content (Figure 4.7); i.e. NO3-N 
reduction from the 0-60 cm soil depth occurred that was not recovered in the above 
ground plant tissue. This reduction may have been caused by leaching, immobilization, or 
in the roots that were not sampled. With higher cover crop N recovery the difference in 
soil NO3-N between cover crop and no cover crop treatments was less than that found in 








reduced loss of N from the cover cropped soil, and/or enhanced mineralization of organic 
N in the cover cropped soil. 
Table 4.10 A comparison of biomass and soil N in the spring and fall at each site. The Δ 
N is the Δ biomass N minus Δ soil NO3-N for each site and sampling time. 
Site Sampling Time Δ Biomass N† Δ Soil NO3-
N*‡ 
Δ N 
  kg ha-1 kg ha-1 kg ha-1 
NEPAC Spring 2013 23.6 13.3 10.3 
 Spring 2014 11.6 18.6 -7.0 
SEPAC Spring 2013 14.0 15.4 -1.4 
 Fall 2013 18.1 11.3 6.8 
 Spring 2014 19.1 15.4 3.7 
DTC Fall 2013 22.1 20.3 1.9 
 Spring 2014 24.6 13.0 11.6 
DeSutter Spring 2014 21.1 27.0 -5.9 
Rulon Spring 2013 33.1 13.4 19.7 
 Spring 2014 18.5 15.2 3.3 
Brocksmith Fall 2013 4.0 4.0 0.0 
 Spring 2014 6.3 13.6 -7.3 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; DTC = 
Diagnostic Training Center; NC-C = no cover before corn; 4MIX-C = oat/daikon 
radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before corn; NC-
S = no cover before soybean; 4MIX-S = oat/daikon radish/cereal rye/crimson clover 
before soybean; 3MIX-S = oat/daikon radish/cereal rye before soybean; CR-S = cereal 
rye before soybean; NC = no cover; CR = cereal rye; AR = annual ryegrass; 3MIX = 
cereal rye/crimson clover/daikon radish; WCC = wheat/crimson clover; CRCC = cereal 
rye/crimson clover 
 
*The Δ Soil NO3-N is calculated for 0-60 cm depth. 
†The Δ Biomass N was found by subtracting the average biomass N content in the 
treatments with only weeds from the average biomass N content in the treatments with 
cover crops.  
‡The Δ Soil NO3-N was found by subtracting the average soil NO3-N content in the 












Figure 4.7 Positive differences in biomass N content indicate more N in the cover crop 
than in the weeds of the no cover crop treatment. Positive differences in soil NO3-N 
indicate the change in soil NO3-N between cover crop and no cover crop treatments w 
*The Δ N is the difference between the change in biomass N between cover and no cover 
treatments and the change in soil NO3-N between cover and no cover treatments. 
 
Soil Moisture Measurements 
NEPAC 
Soil moisture samples in spring 2013 (22 Apr 2013) were taken only in one block, 
so they could not be included in the statistical analysis. The soil moisture contents at the 
0-10 cm depth were 0.259 g g-1 for NC-C, 0.242 g g-1 for 4MIX-C, 0.275 g g-1 for OR-C, 
0.243 g g-1 for NC-S, 0.246 g g-1 for 4MIX-S, and 0.277 g g-1 for CR-S. The soil moisture 
contents at the 10-20 cm depth were 0.257 g g-1 for NC-C, 0.227 g g-1 for 4MIX-C, 0.219 
g g-1 for OR-C, 0.216 g g-1 for NC-S, 0.220 g g-1 for 4MIX-S, and 0.218 g g-1 for CR-S.  































In the next spring (5 May 2014), there was a treatment * depth effect on soil 
moisture during the first biomass sampling (Figures 4.8 and 4.9). The treatments with 
growing cover crops are expected to have a lower moisture content at this time than those 
that do not because the cover crops transpire. However, the cover crops may also be 
shading the soil surface from sunlight and causing less evaporation in the soil. The cover 
crop roots may also enhance greater infiltration into the soil which may cause a higher 
moisture content soon after a rain event. Within the NC-S and CR-S treatments, the two 
depths were not statistically different. Within the NC-C, 4MIX-C, OR-C, and 3MIX-S 
treatments, the 10-20 cm depth had a higher moisture content than the 0-10 cm depth. 
There had only been 2 cm of precipitation in the previous week (Table A.4), so the top 
depth was expected to have a lower soil moisture from transpiration in the treatments 
with growing cover crops (4MIX-C, 3MIX-S, and CR-S) and evaporation from the 
treatments with no growing cover crops (NC-C, NC-S, and OR-C). The three treatments 
preceding soybean tended to have similar soil moisture between the two depths, which 
may be caused by the thick corn residue preventing evaporation. Within the 0-10 cm 
depth, the three treatments preceding corn (NC-C, 4MIX-C, and OR-C) tended to have 
slightly lower soil moisture than those preceding soybean (NC-S, 3MIX-S, and CR-S), 
which may be caused by the corn residue preventing evaporation. Within the 10-20 cm 
depth, the treatments were not statistically different.  
At the second biomass sampling (20 May 2014), only the treatments preceding 
soybean were sampled and there was no difference in soil moisture between the cover 
crop treatments or depths. The CR-S and 3MIX-S treatments were expected to have a 








transpiring. However, the no cover may be evaporating more than the treatments with 
cereal rye due to the large amount of biomass shading the soil.  
SEPAC 
Soil moisture samples were not taken during the first biomass sampling in spring 
2013 but were taken at the second biomass sampling (30 Apr 2013) where there was no 
treatment * depth effect on soil moisture but the 0-10 cm depth had a higher soil moisture 
than the 10-20 cm depth (Table 4.11). There had only been 2 cm of precipitation in the 
previous week (Table A.6), so the cover crops may have been restricting evaporation in 
the treatments and taking up moisture from the bottom depths.  
In the next spring (16 Apr 2014), there was no treatment * depth effect on soil 
moisture but the 0-10 cm depth had a higher soil moisture than the 10-20 cm depth during 
the first round of biomass sampling (Table 4.11). Similar to the spring 2013 sampling, 
there had only been 1.7 cm of precipitation in the previous week (Table A.7), and the 
cover crops may have been reducing evaporation in the top depth and taking up moisture 
from the bottom depth. At the second round of biomass sampling (2 May 2014), there 
was no difference in soil moisture between cover crop treatments or depths. Similarly to 
the NEPAC second biomass sampling results, there may not be a difference due to 
transpiration in the treatments with cover crops and evaporation in the no cover 
treatment.   
DTC 
 Soil moisture samples were not taken in fall 2012 or 2013 and no cover crops 
were not planted until fall 2013 but samples taken in spring 2013 (8 May 2013) were 








depth in the NW, NE, SW, and SE quadrants were 0.173, 0.144, 0.173, and 0.166 g g-1 
respectively. In the 10-20 cm depth, the soil moisture contents were 0.190, 0.180, 0.198, 
and 0.189 g g-1 in the NW, NE, SW, and SE quadrants respectively.  
In the next spring (21 Apr 2014), there was no treatment * depth effect on soil 
moisture but the 10-20 cm depth had a higher soil moisture content than the 0-10 cm 
depth during the first round of biomass sampling (Table 4.11). There was very little 
precipitation in the past week (Table A.10), so the cover crop treatments may have been 
taking up moisture from the top depth and the no cover treatments may have been 
evaporating.  
At the second round of biomass sampling (20 May 2014), there was a treatment * 
depth effect on soil moisture (Figures 4.10 and 4.11). Within the two treatments with 
cover crops (3MIX-S and CR-S), the 0-10 cm depth had a higher moisture content than 
the 10-20 cm depth. Within the no cover treatment (NC-S), the two depths were not 
statistically different. There had been 4.8 cm of precipitation in the previous week (Table 
A.10), so the cover crops may have been shading the soil and reduced evaporation from 
the top depth whereas the no cover may have been allowing for evaporation in the top 
depth. The cover crops may have also allowed for more water infiltration whereas the 
precipitation may have run off in the no cover treatment. Within the 0-10 cm depth, the 
3MIX-S and CR-S treatments tended to have higher moisture contents than the NC-S 
treatment. There was a great amount of growth from cereal rye in the 3MIX-S and CR-S 
treatments and may have allowed for less evaporation and more water infiltration than the 









At the PSNT sampling time (12 Jun 2014), there was a treatment * depth effect on 
soil moisture (Figures 4.12 and 4.13). Within the two no cover treatments (NC-C and 
NC-S), the two depths were not statistically different. There had been 7.4 cm of 
precipitation in the previous week (Table A.10), so the 0-10 cm depth was expected to 
have a higher moisture content than the 10-20 cm depth but the no cover treatments may 
have been evaporating from the top depth. Within the treatments that had cover crops 
(4MIX-C, OR-C, 3MIX-S, and CR-S), the top depth had a higher moisture content than 
the bottom depth. All but the OR-C treatment had cover crop residue from spring growth 
protecting the soil surface from evaporation, but the OR-C treatment may have had 
greater water infiltration than the no cover treatments. Within the 0-10 cm depth, the two 
treatments that had spring cover crops that grew longer (3MIX-S and CR-S) had higher 
moisture content than all other treatments, as expected. The CR-S treatment also had a 
higher moisture content than the 3MIX-S, possibly from a higher seeding rate of cereal 
rye. The added growth produced more residue that may have reduced evaporation.  
Within the 10-20 cm depth, the treatments were very similar but the CR-S treatment had 
a slightly higher soil moisture content than the other treatments, possibly from the added 
cereal rye residue reducing evaporation or the decaying roots increasing water 
infiltration.  
DeSutter 
 Cover crops were not planted until fall 2013 but soil moisture was taken in spring 
2013 to compare the two tillage systems (2 May 2013). There was no difference in soil 
moisture between the two cover crop treatments or depths at the DeSutter farm, as 








treatments. There was also no difference between treatments or depths when the DeSutter 
treatments were compared to the neighbor treatment. At the time, the neighbor farm had 
corn residue on the soil surface that had not been incorporated, so it may have been 
reducing evaporation enough to be similar to the no-tilled DeSutter treatments.  
 In the next fall (25 Nov 2013), there was no treatment * depth effect on soil 
moisture but the 0-10 cm depth had a higher soil moisture content than the 10-20 cm 
depth at the DeSutter farm (Table 4.11). There had only been 1.8 cm of precipitation in 
the previous week (Table A.12), so the top depth is expected to have a lower moisture 
content from evaporation but the corn residue that had just been harvested may have held 
the moisture in. There was not enough cereal rye growth to take samples so there was not 
an expected difference between the two treatments (NC and CR). There was also no 
difference between treatments and depths in soil moisture when comparing the DeSutter 
field to the neighbor field, possibly due to the very little precipitation received.  
In the next spring (8 May 2014), there was no treatment * depth effect on soil 
moisture but the no cover treatment had a higher soil moisture content than the CR 
treatment at the DeSutter farm (Table 4.12). There had been very little precipitation in the 
previous week (Table A.13) and the cereal rye may have been transpiring more than the 
no cover treatment. Samples were not taken on the neighbor farm.  
  At the PSNT sampling time (5 Jun 2014), there was no treatment * depth effect 
on soil moisture but the 0-10 cm depth had a higher soil moisture content than the 10-20 
cm depth at the DeSutter farm (Table 4.11). There had been 3.4 cm of precipitation in the 
previous week (Table A.13), which may have caused the higher soil moisture content in 








reduced evaporation and increased water infiltration from rye residue but there was not 
much rye growth in the spring. There was a treatment * depth effect on soil moisture 
between the two DeSutter treatments (NC and CR) and the neighbor treatment (CONV). 
The CONV (0.252 g g-1) treatment had a lower soil moisture content than both NC (0.277 
g g-1) and CR (0.281 g g-1) treatments in the 0-10 cm depth and there was no difference in 
the 10-20 cm depth (Table 4.13). The two DeSutter treatments were no-tilled and had the 
cash crop residue on the soil surface whereas the neighbor farm had incorporated the 
residue possibly causing more evaporation in the top depth of the soil.  
Rulon 
 In spring 2013 (1 May 2013), there was no treatment * depth effect on soil 
moisture but the 0-10 cm depth had a higher moisture content than the 10-20 cm depth 
(Table 4.11). There had been 2.0 cm of precipitation in the previous week (Table A.15), 
which may have caused the higher moisture content in the top depth. The treatments with 
cover crops growing were expected to have a lower moisture content due to transpiration 
but only one treatment had enough growth to take biomass samples which may have led 
to similarity in treatments.   
 In the next spring (12 May 2014), there was no difference in soil moisture content 
between the cover crop treatments or depths. It was expected that the treatments with 
cover crops would have a lower moisture content than those without but only two plots 










 Cover crops were not planted until fall 2013 but background samples were taken 
at the PSNT sampling time in 2013 (19 Jun 2013). There was no treatment * depth effect 
on soil moisture, as expected, but the 0-10 cm depth had a higher moisture content than 
the 10-20 cm depth (Table 4.11). There had been 5.7 cm of precipitation in the previous 
week (Table A.18), which may have caused the higher moisture content in the top depth. 
The similarity between treatments ensures that the field was the same before establishing 
treatments. 
 In the next fall (14 Nov 2013), spring (16 Apr 2014), and PSNT (9 Jun 2014) 
sampling times, there was no treatment * depth effect on soil moisture but the 0-10 cm 
depth had a higher moisture content than the 10-20 cm depth (Table 4.11). There had 
been very little precipitation in the previous weeks (Tables A.18 and A.19) but the rain 
events may have contributed to the higher moisture in the top depth. In the fall, the 3MIX 
treatment was expected to have a lower moisture content but there was not much cover 
crop growth so the cover crops may not have been transpiring enough to be different 
from the no cover treatment. The 3MIX treatment was also expected to have a lower 
moisture content in the spring from transpiration but there was a great amount of weed 
growth in the NC treatment that may have caused the similarity between treatments. At 
the PSNT sampling time, the 3MIX treatment was expected to have a higher moisture 
content but the spring weed growth may have caused the similarity between treatments. 
Alford 
Cover crops were not planted until fall 2013 but soil moisture samples were taken 








on soil moisture, as expected, but the 0-10 cm depth had a higher moisture content than 
the 10-20 cm depth, possibly due to having 2.1 cm of precipitation in the previous week 
(Table 4.11) (Table A.21). The similarity between treatments ensures that the field is the 
same before planting cover crops. 
In the next fall (2 Dec 2013), there was a treatment * depth effect on soil moisture 
(Figures 4.14 and 4.15). Refer to the precipitation table at Alford in November and 
December 2013 (Table A.21). Within the WCC and the CRCC treatments, the 0-10 cm 
depth had a higher moisture content than the 10-20 cm depth. There had not been much 
precipitation in the previous week (Table A.21), but the cover crops in both treatments 
may have been reducing evaporation from the top depth. Within the 0-10 cm depth, the 
WCC (0.277 g g-1) treatment had a slightly higher moisture content than the CRCC 
(0.255 g g-1). A difference was not expected between the two treatments but the wheat 
may have established a little more quickly than the cereal rye and reduced evaporation 
more. Within the 10-20 cm depth, the two treatments were not statistically different.  
At the PSNT sampling time (9 Jun 2014), there was no treatment * depth effect on 
soil moisture but the 0-10 cm depth had a higher moisture content than the 10-20 cm 
depth (Table 4.11). There had been 5.2 cm of precipitation in the previous week (Table 
A.22), which may have caused the higher moisture content in the top depth. The two 











Table 4.11 Soil moisture depth main effect averaged over treatment (LSmeans). 
Site Date Soil Moisture 
  ---------------g g-1--------------- 
  0-10 cm depth 10-20 cm depth 
NEPAC 5 May 2014 0.186b* 0.205a 
20 May 2014 0.221a 0.215a 
SEPAC 30 Apr 2013 0.247a 0.235b 
16 Apr 2014 0.270a 0.250b 
2 May 2014 0.259a 0.241a 
DTC 21 Apr 2014 0.184b 0.196a 
20 May 2014 0.241a 0.222b 
12 Jun 2014 0.243a 0.225b 
DeSutter 2 May 2013 0.234a 0.223b 
25 Nov 2013 0.299a 0.230b 
8 May 2014 0.213a 0.219a 
5 Jun 2014 0.279a 0.235b 
Rulon 1 May 2013 0.231a 0.222b 
20 Jun 2013 0.182a 0.190a 
1 May 2014 0.213a 0.212a 
Alford 20 Jun 2013 
Background 
0.256a 0.211b 
2 Dec 2013 0.266a 0.219b 
9 Jun 2014 0.239a 0.202b 
Brocksmith 19 Jun 2013 
Background 
0.278b 0.230a 
 14 Nov 2013 0.280b 0.231a 
 16 Apr 2014 0.275a 0.252b 
 9 Jun 2014 0.248a 0.225b 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; DTC = 
Diagnostic Training Center 
*Values within the same site and sampling date that contain the same lower case letter 















Table 4.12 Cover crop treatment averaged over depth had little effect on soil moisture 
content. Means for the site and sampling date are shown averaged over all cover crop 
treatments and depths if soil moisture did not vary with treatment. Otherwise the 
Site Date Treatment Soil Moisture, g g-1 
   Mean Treatment Mean 
NEPAC 5 May 2014 -- 0.196 -- 
20 May 2014 -- 0.218 -- 
SEPAC 30 Apr 2013 -- 0.241 -- 
16 Apr 2014 -- 0.260 -- 
2 May 2014 -- 0.251 -- 
DTC 21 Apr 2014 -- 0.190 -- 
20 May 2014 -- 0.232 -- 
12 Jun 2014 NC-C -- 0.228bc 
  4MIX-C -- 0.229bc 
  OR-C -- 0.229bc 
  NC-S -- 0.226c 
  3MIX-S -- 0.237b 
  CR-S -- 0.254a 
DeSutter 2 May 2013 -- 0.229 -- 
 25 Nov 2013 -- 0.265 -- 
 8 May 2014 NC -- 0.233a 
  CR -- 0.200b 
 5 Jun 2014 -- 0.257 -- 
Rulon 1 May 2013 -- 0.226 -- 
1 May 2014 -- 0.212 -- 
Brocksmith 19 Jun 2013 Background -- 0.254 -- 
14 Nov 2013 -- 0.256 -- 
16 Apr 2014 -- 0.264 -- 
9 Jun 2014 -- 0.237 -- 
Alford 20 Jun 2013 Background -- 0.234 -- 
2 Dec 2013 WCC -- 0.249a 
CRCC -- 0.236b 
9 Jun 2014 -- 0.221 -- 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; DTC = 
Diagnostic Training Center; NC-C = no cover before corn; 4MIX-C = oat/daikon 
radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before corn; NC-
S = no cover before soybean; 3MIX-S = oat/daikon radish/cereal rye before soybean; CR-
S = cereal rye before soybean; NC = no cover; CR = cereal rye; WCC = wheat/crimson 
clover; CRCC = cereal rye/crimson clover 
*Values within the same column, site, and sampling date that contain the same lower case 














Depth, cm Soil Moisture, g g-1 
DeSutter,  Neighbor 
  NC CR CONV 
2 May 2013 0-10 0.244 0.225 0.241 
 10-20 0.232 0.214 0.229 
25 Nov 2013 0-10 0.304 0.295 0.308 
 10-20 0.227 0.234 0.242 
5 Jun 2014 0-10 0.277* 0.281 0.252 
 10-20 0.240 0.231 0.231 
 
NC = no cover; CR = cereal rye; CONV = conventional 
 
*T-test shows that NC is significantly different from CONV and CR is significantly 




Figure 4.8 Soil moisture treatment * depth effect within treatment at NEPAC on 5 May 
2014. 
NEPAC = Northeast Purdue Ag Center; NC-C = no cover before corn; 4MIX-C = 
oat/daikon radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before 
corn; NC-S = no cover before soybean; 3MIX-S = oat/daikon radish/cereal rye before 
soybean; CR-S = cereal rye before soybean 
*Values within the same treatment that contain the same lower case letter are not 




































Figure 4.9 Soil moisture treatment * depth effect within depth at NEPAC on 5 May 2014. 
NEPAC = Northeast Purdue Ag Center; NC-C = no cover before corn; 4MIX-C = 
oat/daikon radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before 
corn; NC-S = no cover before soybean; 3MIX-S = oat/daikon radish/cereal rye before 
soybean; CR-S = cereal rye before soybean 
*Values within the same depth that contain the same lower case letter are not 




Figure 4.10 Soil moisture treatment * depth effect within treatment at DTC on 20 May 
2014. 
DTC = Northeast Purdue Ag Center; NC-S = no cover before soybean; 3MIX-S = 
oat/daikon radish/cereal rye before soybean; CR-S = cereal rye before soybean 
*Values within the same treatment that contain the same lower case letter are not 







































































Figure 4.11 Soil moisture treatment * depth effect within depth at DTC on 20 May 2014. 
DTC = Northeast Purdue Ag Center; NC-S = no cover before soybean; 3MIX-S = 
oat/daikon radish/cereal rye before soybean; CR-S = cereal rye before soybean 
*Values within the same depth that contain the same lower case letter are not 




Figure 4.12 Soil moisture treatment * depth effect within treatment at DTC on 12 Jun 
2014. 
DTC = Northeast Purdue Ag Center; NC-C = no cover before corn; 4MIX-C = oat/daikon 
radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before corn; NC-
S = no cover before soybean; 3MIX-S = oat/daikon radish/cereal rye before soybean; CR-
S = cereal rye before soybean 
*Values within the same treatment that contain the same lower case letter are not 
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Figure 4.13 Soil moisture treatment * depth effect within depth at DTC on 12 Jun 2014. 
DTC = Northeast Purdue Ag Center; NC-C = no cover before corn; 4MIX-C = oat/daikon 
radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before corn; NC-
S = no cover before soybean; 3MIX-S = oat/daikon radish/cereal rye before soybean; CR-
S = cereal rye before soybean 
*Values within the same depth that contain the same lower case letter are not 




Figure 4.14 Soil moisture treatment * depth effect within treatment at Alford on 2 Dec 
2013. 
WCC = wheat/crimson clover; CRCC = cereal rye/crimson clover 
*Values within the same treatment that contain the same lower case letter are not 








































































Figure 4.15 Soil moisture treatment * depth effect within depth at Alford on 2 Dec 2013. 
WCC = wheat/crimson clover; CRCC = cereal rye/crimson clover 
*Values within the same depth that contain the same lower case letter are not 
significantly different at the P ≤ 0.05 level 
 
Soil Temperature Measurements 
NEPAC 
In the spring (5 May 2014), the NC-C, 4MIX-C, and CR-S treatments had slightly 
higher soil temperatures than the three other treatments (OR-C, NC-S, and 3MIX-S) 
during the first round of biomass sampling (Table 4.14) but only by 0.3°C. The direct 
sunlight on the soil surface increases the soil temperature so treatments with no cover 
crops growing (NC-C, NC-S, and OR-C) were expected to have higher soil temperatures 
than the treatments with growing cover crops (4MIX-C, 3MIX-S, and CR-S). The 
treatments with cover crops had a good amount of growth so it is unknown why there 
were few differences in treatments. There was no treatment effect during the second 




































expected to have a lower temperature because there was a lot of cover crop growth that is 
expected to shade the soil.  
 At the PSNT sampling time (23 Jun 2014), the NC-S treatment had a slightly 
higher soil temperature than all other treatments (Table 4.14). Similar to the spring 
results, the treatments that had cover crops growing in the spring were expected to leave 
more biomass on the soil surface and lower the soil temperature. The NC-S treatment was 
planted into corn residue and was expected to have a lower soil temperature than the NC-
C that was planted into soybean residue on the soil surface. However, the NC-S treatment 
had a higher soil temperature than the NC-C treatment by almost 1.0°C and it is unknown 
why that was the case.  
SEPAC 
Soil temperature was not taken at the first biomass sampling in spring 2014 but 
was taken at the second biomass sampling (2 May 2014). The two treatments with 
growing cover crops (3MIX-S and CR-S) and the two treatments preceding corn (NC-C 
and 4MIX-C) had slightly higher soil temperatures than the remaining treatments (NC-S 
and OR-C) (Table 4.14). Similar to the NEPAC site, the treatments with cover crops 
growing and those with cover crop residue shading the soil surface were expected to have 
a lower soil temperature but the treatments were not physically significant. There is also 
no clear separation between corn and soybean residues effecting the soil temperature and 
there was no difference in soil moisture.   
 At the PSNT sampling time (9 Jun 2014), the three treatments in corn (NC-C, 
4MIX-C, and OR-C) had higher soil temperatures than those in soybean (NC-S, 3MIX-S, 








breaks down faster than corn residue, which may be the reason for the higher soil 
temperatures in those treatments. The 3MIX-S and CR-S treatments had slightly higher 
temperatures than the NC-S treatment but only by 0.1-0.2°C, which is not expected 
because the cereal rye residue is expected to shade from sunlight. 
DTC 
Soil temperature was not taken at the first biomass sampling in spring 2014. At 
the second biomass sampling (20 May 2014), the no cover treatment had a higher soil 
temperature than the two treatments with growing cover crops (3MIX-S and CR-S), as 
expected (Table 4.14). The 3MIX-S treatment also had a higher soil temperature than the 
CR-S treatment, possibly because the CR-S treatment had a higher seeding rate of cereal 
rye to protect the soil from sunlight. At the PSNT sampling time (12 Jun 2014), the three 
treatments in corn (NC-C, 4MIX-C, and OR-C) had a slightly higher soil temperatures 
than those in soybean (NC-S, 3MIX-S, and CR-S), similar to the PSNT results at SEPAC 
(Table 4.14). The treatments in corn were planted into soybean residue, which may 
provide less protection of the soil than corn residue.  
DeSutter 
In the spring (8 May 2014), the no cover treatment had a higher soil temperature 
than the cereal rye treatment, as expected (Table 4.14). The cereal rye cover crop shields 
the soil from direct sunlight and causes the soil temperature to be lower.  
Brocksmith 
 In the spring (16 Apr 2014), there was no difference between cover crop 








than the NC treatment because there were cover crops growing however, there was a 
great amount of weed growth in the NC treatment, which may have shaded the soil. 
Alford 
 In the spring (30 Apr 2014) and summer (25 Jul 2014), there was no difference 
between cover crop treatments in soil temperature. The two cover crop treatments were 
very similar and had about the same amount of biomass so they were not expected to be 
different.  
Table 4.14 Soil temperature as affected by cover crop treatment and sampling date at 
each site. 
Site Date Treatment Soil Temperature 
   °C 






20 May 2014 NC-S 14.1a 
3MIX-S 14.4a 
CR-S 14.2a 






SEPAC 2 May 2014 NC-C 13.2ab 
 4MIX-C 13.3a 
 OR-C 12.8bc 
 NC-S 12.5c 
 3MIX-S 13.0ab 
 CR-S 13.0ab 
    
    
    
    








Table 4.14 continued. 
 9 Jun 2014 NC-C 23.0a 
 4MIX-C 22.7a 
 OR-C 22.8a 
 NC-S 21.2c 
 3MIX-S 21.7b 
 CR-S 21.3bc 
DTC 20 May 2014 NC-S 22.6a 
3MIX-S 20.9b 
CR-S 18.6c 






DeSutter 8 May 2014 NC 21.6a 
CR 20.2b 
Alford 9 Jun 2014 WCC 21.2a 
 CRCC 21.1a 
 25 Jul 2014 WCC 20.6a 
 CRCC 20.9a 
Brocksmith 16 Apr 2014 NC 6.9a 
3MIX 6.9a 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; DTC = 
Diagnostic Training Center; NC-C = no cover before corn; 4MIX-C = oat/daikon 
radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before corn; NC-
S = no cover before soybean; 4MIX-S = oat/daikon radish/cereal rye/crimson clover 
before soybean; 3MIX-S = oat/daikon radish/cereal rye before soybean; CR-S = cereal 
rye before soybean; NC = no cover; OR = oat/daikon radish; CR = cereal rye; AR = 
annual ryegrass; 3MIX = cereal rye/crimson clover/daikon radish; WCC = wheat/crimson 
clover; CRCC = cereal rye/crimson clover 
*Values within the same column, site, and sampling date that contain the same lower case 
letter are not significantly different at the P ≤ 0.05 level 
 
Soil Fertility Measurements 
 Soil fertility samples (Table 4.15) were only taken in 2013 and the only sites that 
had treatments established at the time were NEPAC, SEPAC, and Rulon. The other sites 
did not have treatments established and these data were used as background. At NEPAC, 








(OM), P, K, Mg, and Ca, soil pH, and cation exchange capacity (CEC). There were also 
no differences at DTC, Brocksmith, and Alford as expected, which ensures that the field 
was the same before planting cover crops. At NEPAC, SEPAC, and Rulon, the treatments 
with cover crops were expected to have greater soil fertility but the treatments had only 
been in cover crops for one season and that may not be enough time to alter the soil 
fertility. At DTC, the K concentration is low in all quadrants and the soil pH is low in the 
SE quadrant but all others are in the recommended range. At Alford, the P and K 
concentrations are lower than recommended.    
At DeSutter, there were no differences between the two treatments (NC and CR) 
in the soil fertility parameters but there were some differences when comparing the 
neighbor treatment (CONV) (Table 4.15). The CONV treatment had a lower 
concentrations of Mg and Ca than the NC and CR treatments. The CONV treatment also 








Table 4.15 Soil fertility in 2013 at all sites by site and treatment. Essential crop nutrients were determined using Mehlich-3 extract 
with quantification by ICP. Soil pH was determined with a glass electrode soil pH meter in a 1:1 soil:water slurry. 
Site Treatment OM P-M3  K-M3  Mg-M3  Ca-M3  Soil pH Buffer pH CEC  
  g g-1 mg kg-1 mg kg-1 mg kg-1 mg kg-1   cmolc kg-1 


























6.9   
(0.09) 
8.0   
(1.47) 
DTC NW 2.1 26 78 307 1136 6.0 6.8 10.9 
NE 1.9 19 79 310 1185 6.0 6.8 11.2 
SW 2.2 19 92 380 1353 6.3 6.9 11.4 
SE 2.0 22 83 349 1281 5.8 6.7 13.2 
















CONV 34a 52a 155a 130b 1252b 5.6b 6.7 11.0a 




























6.9 9.9   
(1.14) 












7.0 7.1   
(0.72) 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; DTC = Diagnostic Training Center; OM = organic 
matter; P-M3 = phosphorus concentration; K-M3 = potassium concentration; Mg-M3 = magnesium concentration; Ca-M3 = 
calcium concentration; CEC = cation exchange capacity; NW = northwest; NE = northeast; SW = southwest; SE = southeast; NC 
= no cover; CR = cereal rye; CONV = conventional  
* Values within the same column, site, and sampling date that contain the same lower case letter are not significantly different at 
the P ≤ 0.05 level. 










There was no difference in aggregate stability among cover crop treatments in 
2013. In 2014, (23 Jun 2014), the OR-C, NC-S, 3MIX-S, and CR-S treatments tended to 
have higher MWD’s than the other two treatments (NC-C and 4MIX-C) (Table 4.16). 
The 4MIX-C treatment was expected to have had a higher MWD than the two no covers 
because it has a variety of roots in the mixture that are expected to improve the soil 
structure. It is unknown why the NC-S had the highest MWD because there were not 
many weeds in the no cover treatments (Table 4.4). The CR-S treatment had a higher 
MWD than the 4MIX-C treatment. The CR-S treatment had a higher seeding rate of 
cereal rye which may have contributed more to the soil structure because cereal rye roots 
are good for building soil structure. The CR-S treatment also grew longer before 
termination than the 4MIX-C treatment and the added growth may have contributed to 
the larger MWD in the CR-S treatment. With more time, the cover crops would be 
expected to have better soil aggregation than the no cover treatments. 
SEPAC 
In 2013 (11 Jun 2013), the three treatments that had cover crops growing in the 
spring (4MIX-C, 4MIX-S, and CR-S) tended to have higher MWDs than the other three 
treatments (NC-C, OR-C, and NC-S), as expected (Table 4.16). The three treatments that 
had cover crops growing in the spring all included cereal rye, which has a fibrous root 
system that builds soil structure. In 2014 (9 Jun 2014), there were no differences between 
the cover crop treatments in aggregate stability. Although there was not a statistical 








to have a larger MWD than the treatments that did not. The added growth from cover 
crops in the spring may have contributed to the larger MWD in the 4MIX-C, 4MIX-S, 
and CR-S treatments. The treatments had only two seasons of cover crops and with more 
time, may change the aggregate stability more. 
DTC 
 Aggregate stability samples were taken on the four background quadrants on 14 
Jun 2013 but cover crops were not planted until fall of 2013. The MWD’s were 1.2, 1.5, 
1.5, and 1.9 mm for the NE, NW, SE, and SW quadrants respectively. On 12 Jun 2014, 
there were no differences among cover crop treatments in aggregate stability. The 
treatments had only been in cover crops for one season and may have not had enough 
time to alter the aggregate stability in the treatments.  
Farmer Sites 
At DeSutter in 2013, there was no difference between the two cover crop 
treatments (NC and CR) on the DeSutter farm, but there was a difference when compared 
to the neighbor treatment (CONV) (Table 4.17). The NC treatment had a statistically 
higher MWD than the CONV treatment but there was no difference between the CR and 
CONV treatments. No-till allows the soil to build good structure and the NC treatment 
has been in no-till for a number of years, so it is expected to have better aggregate 
stability than the CONV treatment. In 2014, there was no difference between the NC and 
CR treatments on the DeSutter farm but there was a difference when compared to the 
CONV treatment in the neighboring field (Table 4.17). Both treatments on the DeSutter 








expected to have a higher MWD than the other treatments but there had only been one 
season of cereal rye and more time may be needed to change the soil aggregate stability. 
At Rulon, Brocksmith, and Alford, there were no differences between cover crop 
treatments on aggregate stability in either year. Because there had only been one or two 
seasons of cover crops, more time may be needed to change the soil aggregate stability. 
Table 4.16 Soil aggregate stability as affected by cover crop treatment and sampling date 
at each site. 
Site Date Treatment MWD 
   mm 





































Table 4.16 continued. 
DeSutter 6 Jun 2013 NC 2.2a 
CR 1.9a 
25 Jun 2014 NC 2.8a 
CR 2.7a 








Brocksmith 19 Jun 2014 NC 2.7a 
  3MIX 3.0a 




26 Jun 2014 WCC 3.6a 
CRCC 3.4a 
 
MWD = mean weight diameter; NEPAC = Northeast Purdue Ag Center; SEPAC = 
Southeast Purdue Ag Center; DTC = Diagnostic Training Center; NC-C = no cover 
before corn; 4MIX-C = oat/daikon radish/cereal rye/crimson clover before corn; OR-C = 
oat/daikon radish before corn; NC-S = no cover before soybean; 4MIX-S = oat/daikon 
radish/cereal rye/crimson clover before soybean; 3MIX-S = oat/daikon radish/cereal rye 
before soybean; CR-S = cereal rye before soybean; NC = no cover; OR = oat/daikon 
radish; CR = cereal rye; AR = annual ryegrass; 3MIX = cereal rye/crimson clover/daikon 
radish; WCC = wheat/crimson clover; CRCC = cereal rye/crimson clover 
*Values within the same column, site, and sampling date that contain the same lower case 
letter are not significantly different at the P ≤ 0.05 level. 















Table 4.17 Soil aggregate stability was tested on two fields with different tillage systems 
using a t-test. The NC and CR treatments on the DeSutter field are compared to the 
CONV treatment on the neighbor field. 
Sampling Date Treatment MWD 
  mm 
10 Jun 2013 NC 2.2a* 
 CONV 1.1b 
 CR 1.9a 
 CONV 1.1a 
25 Jun 2014 NC 2.8a 
 CONV 1.7b 
 CR 2.7a 
 CONV 1.7b 
 
NC = no cover; CONV = conventional; CR = cereal rye 
*Values within the same column, sampling date, and treatment comparison that contain 
the same lower case letter are not significantly different at the P ≤ 0.05 level. 
 
Soil Bulk Density and Total Porosity  
 There were no cover crop treatment differences at any of the sites and years 
(Tables 4.18 and 4.19). Bulk density and total porosity take many years to change and 
more than one or two seasons of cover crops may be needed to alter them. There was a 
difference between tillage systems at the DeSutter site and the neighbor (Table 4.20 and 
4.21). In 2013, the CONV treatment had a statistically higher total porosity than the two 
no-till treatments in the 0-10 cm depth but there was no statistical difference in bulk 
density but the CONV treatment tended to be lower. In the 10-20 cm depth in 2013 and 
the 0-10 cm depth in 2014, the CONV treatment had a lower bulk density and higher total 
porosity than both of the no-till treatments. The CONV treatment is expected to have a 
lower bulk density and higher total porosity than the two no-till treatments because when 









 At DTC, cover crops were not planted until fall 2013 but background samples 
were taken on the four quadrants 2013. The bulk densities in the 0-10 cm depth were 
1.36, 1.51, 1.49, and 1.53 g cm3 and in the 10-20 cm depth were 1.54, 1.56, 1.55, and 
1.59 g cm3 in the SW, NW, NE, and SE quadrants respectively. The total porosity in the 
0-10 cm depth for each quadrant were 0.485, 0.430, 0.440, and 0.423 and in the 10-20 cm 

























Table 4.18 Soil bulk density as affected by cover crop treatment, depth, and sampling 
date at each site. 
Site Date Treatment Bulk Density, g cm-3 
   0-10 cm depth 10-20 cm depth 
NEPAC 19 Jun 2013 NC-C 1.50a 1.54a 
4MIX-C 1.49a 1.54a 
OR-C 1.45a 1.48a 
23 Jun 2014 NC-S 1.49a --† 
3MIX-S 1.50a -- 
CR-S 1.45a -- 
SEPAC 16 Jun 2014 NC-S 1.35a -- 
3MIX-S 1.37a -- 
CR-S 1.34a -- 
DeSutter 10 Jun 2013 NC 1.38a 1.45a 
CR 1.37a 1.48a 
25 Jun 2014 NC 1.32a -- 
CR 1.36a -- 
Rulon 20 Jun 2013 NC 1.59a 1.58a 
OR 1.54a 1.61a 
CR 1.60a 1.66a 
AR 1.54a 1.59a 
2 Jul 2014 NC 1.43a -- 
OR 1.41a -- 
CR 1.43a -- 
AR 1.39a -- 
Brocksmith 19 Jun 2014 NC 1.34a -- 
  3MIX 1.31a -- 
Alford 11 Jul 2013 
Background 
WCC 1.50a 1.57a 
CRCC 1.49a 1.54a 
26 Jun 2014 WCC 1.38a -- 
CRCC 1.39a -- 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; DTC = 
Diagnostic Training Center; NC-C = no cover before corn; 4MIX-C = oat/daikon 
radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before corn; NC-
S = no cover before soybean; 4MIX-S = oat/daikon radish/cereal rye/crimson clover 
before soybean; 3MIX-S = oat/daikon radish/cereal rye before soybean; CR-S = cereal 
rye before soybean; NC = no cover; OR = oat/daikon radish; CR = cereal rye; AR = 
annual ryegrass; 3MIX = cereal rye/crimson clover/daikon radish; WCC = wheat/crimson 
clover; CRCC = cereal rye/crimson clover 
*Values within the same column, site, and sampling date that contain the same lower case 
letter are not significantly different at the P ≤ 0.05 level. 








Table 4.19 Soil total porosity as affected by cover crop treatment, depth, and sampling 
date at each site. 
Site Date Treatment Total Porosity 
   0-10 cm Depth 10-20 cm Depth 
NEPAC 19 Jun 2013 NC-C 0.434a 0.419a 
4MIX-C 0.438a 0.419a 
OR-C 0.454a 0.440a 
23 Jun 2014 NC-S 0.485a --† 
3MIX-S 0.476a -- 
CR-S 0.490a -- 
SEPAC 16 Jun 2014 NC-S 0.436a -- 
3MIX-S 0.435a -- 
CR-S 0.421a -- 
DeSutter 10 Jun 2013 NC 0.474a 0.452a 
CR 0.484a 0.441a 
25 Jun 2014 NC 0.501a -- 
CR 0.488a -- 
Rulon 20 Jun 2013 NC 0.399a 0.405a 
OR 0.419a 0.392a 
CR 0.396a 0.375a 
AR 0.421a 0.401a 
2 Jul 2014 NC 0.462a -- 
OR 0.469a -- 
CR 0.462a -- 
AR 0.474a -- 
Brocksmith 19 Jun 2014 NC 0.493a -- 
  3MIX 0.506a -- 
Alford 11 Jul 2013 
Background 
WCC 0.435a 0.409a 
CRCC 0.434a 0.417a 
26 Jun 2014 WCC 0.480a -- 
CRCC 0.475a -- 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; NC-C = 
no cover before corn; 4MIX-C = oat/daikon radish/cereal rye/crimson clover before corn; 
OR-C = oat/daikon radish before corn; NC-S = no cover before soybean; 4MIX-S = 
oat/daikon radish/cereal rye/crimson clover before soybean; 3MIX-S = oat/daikon 
radish/cereal rye before soybean; CR-S = cereal rye before soybean; NC = no cover; OR 
= oat/daikon radish; CR = cereal rye; AR = annual ryegrass; 3MIX = cereal rye/crimson 
clover/daikon radish; WCC = wheat/crimson clover; CRCC = cereal rye/crimson clover 
*Values within the same column, site, and sampling date that contain similar lower case 
letters are not significantly different at the P ≤ 0.05 level. 








Table 4.20 Soil bulk density was tested on two fields with different tillage systems using 
a t-test. The NC and CR treatments on the DeSutter field are compared to the CONV 
treatment on the neighbor field. 
Sampling Date Treatment Bulk Density, g cm-3 
  0-10 cm depth 10-20 cm depth 
10 Jun 2013 NC 1.38a* 1.45a 
 CONV 1.33a 1.38b 
 CR 1.37a 1.48a 
 CONV 1.33a 1.38b 
25 Jun 2014 NC 1.32a --† 
 CONV 1.23b -- 
 CR 1.36a -- 
 CONV 1.23b -- 
 
NC = no cover; CONV = conventional; CR = cereal rye 
*Values within the same column, sampling date, and treatment comparison that contain 
the same lower case letter are not significantly different at the P ≤ 0.05 level. 
†--Bulk density samples taken in 2014 were not taken at the 10-20 cm depth. 
Table 4.21 Soil total porosity was tested on two fields with different tillage systems using 
a t-test. The NC and CR treatments on the DeSutter field are compared to the CONV 
treatment on the neighbor field. 
Sampling Date Treatment Total Porosity 
  0-10 cm depth 10-20 cm depth 
10 Jun 2013 NC 0.443b* 0.406b 
 CONV 0.500a 0.481a 
 CR 0.450b 0.410b 
 CONV 0.500a 0.481a 
25 Jun 2014 NC 0.448b --† 
 CONV 0.537a -- 
 CR 0.435b -- 
 CONV 0.537a -- 
 
NC = no cover; CONV = conventional; CR = cereal rye 
*Values within the same column, sampling date, and treatment comparison that contain 
the same lower case letter are not significantly different at the P ≤ 0.05 level. 
†--Total porosity samples taken in 2014 were not taken at the 10-20 cm depth. 
Soil Water Retention at Saturation  
 The soil water content at saturation is a measure of how much water soil can hold 








density and high total porosity will have a higher water content at saturation due to 
having more pore space than soils with the opposite characteristics. In 2013, there were 
no differences between cover crop treatments at any of the sites (Table 4.22). Samples 
were taken at DTC in each quadrant but were background samples and were not included 
in the statistics. The water retention at saturation in the 0-10 cm depth in each quadrant 
were 0.452, 0.443, 0.423, and 0.419 cm3 cm-3 and in the 10-20 cm depth were 0.414, 
0.408, 0.413, and 0.406 cm3 cm-3 in the SW, NW, NE, and SE quadrants respectively. 
Since there were no differences in bulk density and total porosity, more time may be 
needed to change the water retention at saturation.  
 In 2014, there were no differences between cover crop treatments in water 
retention at saturation except at Brocksmtih where the NC treatment had a higher water 
content than the 3MIX treatment (Table 4.22). This was not expected because it does not 
match up with the bulk density and total porosity results. The NC treatment had a higher 
bulk density and lower total porosity which was expected to hold less water at saturation. 
It is unknown why the NC treatment had a higher water content at saturation. 
 At DeSutter in 2014, there was no difference between the two cover crop 
treatments in the DeSutter field (NC and CR) but there was a difference when compared 
to the neighbor treatment (CONV) (Table 4.23). The CONV treatment had a higher water 
content at saturation than both the NC and CR treatments. There is a lower bulk density 
and higher total porosity in the CONV treatment which leaves more space for water to fill 









Table 4.22 Soil water retention at saturation as affected by cover crop treatment, depth, 
and sampling date at each site. 
Site Date Treatment Volumetric Water Content at Saturation, 
cm3 cm-3  
   0-10 cm Depth 10-20 cm Depth 
NEPAC 19 Jun 2013 NC-C 0.403a 0.395a 
4MIX-C 0.426a 0.392a 
OR-C 0.416a 0.420a 
23 Jun 2014 NC-S 0.405a --† 
3MIX-S 0.409a -- 
CR-S 0.417a -- 
SEPAC 16 Jun 2014 NC-S 0.434a -- 
3MIX-S 0.437a -- 
CR-S 0.438a -- 
DeSutter 10 Jun 2013 NC 0.443a 0.405a 
CR 0.450a 0.410a 
25 Jun 2014 NC 0.448a -- 
CR 0.435a -- 
Rulon 20 Jun 2013 NC 0.397a 0.392a 
OR 0.407a 0.387a 
CR 0.384a 0.372a 
AR 0.411a 0.383a 
2 Jul 2014 NC 0.409a -- 
OR 0.407a -- 
CR 0.404a -- 
AR 0.430a -- 
Brocksmith 19 Jun 2014 NC 0.516a -- 
  3MIX 0.485b -- 
Alford 11 Jul 2013 
Background 
WCC 0.434a 0.408a 
CRCC 0.437a 0.398a 
26 Jun 2014 WCC 0.450a -- 
CRCC 0.442a -- 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; NC-C = 
no cover before corn; 4MIX-C = oat/daikon radish/cereal rye/crimson clover before corn; 
OR-C = oat/daikon radish before corn; NC-S = no cover before soybean; 4MIX-S = 
oat/daikon radish/cereal rye/crimson clover before soybean; 3MIX-S = oat/daikon 
radish/cereal rye before soybean; CR-S = cereal rye before soybean; NC = no cover; OR 
= oat/daikon radish; CR = cereal rye; AR = annual ryegrass; 3MIX = cereal rye/crimson 
clover/daikon radish; WCC = wheat/crimson clover; CRCC = cereal rye/crimson clover 
*Values within the same column, site, and sampling date that contain the same lower case 
letter are not significantly different at the P ≤ 0.05 level. 








Table 4.23 Soil water retention at saturation was tested on two fields with different tillage 
systems using a t-test. The NC and CR treatments on the DeSutter field are compared to 
the CONV treatment on the neighbor field. 
Sampling Date Treatment Volumetric Water Content at 
Saturation, cm3 cm-3 
  0-10 cm depth 10-20 cm depth 
10 Jun 2013 NC 0.443a* 0.405a 
 CONV 0.448a 0.418a 
 CR 0.450a 0.410a 
 CONV 0.448a 0.418a 
25 Jun 2014 NC 0.448b --† 
 CONV 0.489a -- 
 CR 0.435b -- 
 CONV 0.489a -- 
 
NC = no cover; CONV = conventional; CR = cereal rye 
*Values within the same column, sampling date, and treatment comparison that contain 
the same lower case letter are not significantly different at the P ≤ 0.05 level. 
†--Water retention samples taken in 2014 were not taken at the 10-20 cm depth. 
Soil Water Retention at -9.8 kPa  
 Water content at -9.8 kPa, which represents field capacity for these soils, is a 
measurement of the amount of water a soil can hold when excess water has drained and 
water is held in the matrix of the soil. When the soil has good structure it is able to hold 
more moisture than a soil with poor structure when excess water is not available in the 
soil. Soils with higher water content at -9.8 kPa are able to supply more moisture to 
growing plants and is especially important during the cash crop season. In 2013, there 
were no differences between cover crop or tillage treatments in soil water retention at -
9.8 kPa except at Alford in the 10-20 cm depth (Tables 4.24 and 4.25). The WCC 
treatment had a higher water content at -9.8 kPa than the CRCC treatment. At this time, 
no treatments had been established and a difference was not expected. This may have an 








Samples were also taken at DTC in the four background quadrants in 2013. The 
soil water contents at -9.8 kPa in the 0-10 cm depth were 0.321, 0.324, 0.309, and 0.309 
cm3 cm-3 and in the 10-20 cm depth were 0.325, 0.326, 0.325, and 0.314 cm3 cm-3 in the 
SW, NW, NE, and SE quadrants respectively.   
 In 2014, there were no differences between cover crop or tillage treatments on 
water retention at -9.8 kPa except at Rulon (Tables 4.24 and 4.25). The AR and NC 
treatments tended to have higher water contents at -9.7 kPa than the OR and CR 
treatments. The AR, OR, and CR treatments are expected to have a higher water content 
at -9.8 kPa than the NC treatment because a better soil structure is expected to have better 
water retention. Similar to other parameters, the treatments have only been in cover crops 
for one or two seasons and may not have had enough time to change the water retention 

















Table 4.24 Soil water retention at -9.8 kPa as affected by cover crop treatment, depth, and 
sampling time at each site. 
Site Date Treatment Volumetric Water Content at -9.8 kPa, 
cm3 cm-3 
   0-10 cm Depth 10-20 cm Depth 
NEPAC 19 Jun 2013 NC-C 0.305a* 0.318a 
4MIX-C 0.327a 0.323a 
OR-C 0.321a 0.331a 
23 Jun 2014 NC-S 0.319a --† 
3MIX-S 0.332a -- 
CR-S 0.331a -- 
SEPAC 16 Jun 2014 NC-S 0.320a -- 
3MIX-S 0.319a -- 
CR-S 0.322a -- 
DeSutter 10 Jun 2013 NC 0.338a 0.319a 
CR 0.331a 0.321a 
25 Jun 2014 NC 0.335a -- 
CR 0.332a -- 
Rulon 20 Jun 2013 NC 0.321a 0.323a 
OR 0.315a 0.317a 
CR 0.304a 0.303a 
AR 0.316a 0.315a 
2 Jul 2014 NC 0.320ab -- 
OR 0.300bc -- 
CR 0.297c -- 
AR 0.335a -- 
Alford 11 Jul 2013 
Background 
W/CC 0.349a 0.330a 
CR/CC 0.345a 0.319b 
26 Jun 2014 W/CC 0.341a -- 
CR/CC 0.332a -- 
Brocksmith 19 Jun 2014 NC 0.359a -- 
CR/R/CC 0.355a -- 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; NC-C = 
no cover before corn; 4MIX-C = oat/daikon radish/cereal rye/crimson clover before corn; 
OR-C = oat/daikon radish before corn; NC-S = no cover before soybean; 4MIX-S = 
oat/daikon radish/cereal rye/crimson clover before soybean; 3MIX-S = oat/daikon 
radish/cereal rye before soybean; CR-S = cereal rye before soybean; NC = no cover; OR 
= oat/daikon radish; CR = cereal rye; AR = annual ryegrass; 3MIX = cereal rye/crimson 
clover/daikon radish; WCC = wheat/crimson clover; CRCC = cereal rye/crimson clover 
*Values within the same column, site, and sampling date that contain the same lower case 
letter are not significantly different at the P ≤ 0.05 level. 








Table 4.25 Soil water retention at -9.8 kPa was tested on two fields with different tillage 
systems using a t-test. The NC and CR treatments on the DeSutter field are compared to 
the CONV treatment on the neighbor field. 
Sampling Date Treatment Volumetric Water Content at -9.8 
kPa, cm3 cm-3 
  0-10 cm depth 10-20 cm depth 
10 Jun 2013 NC 0.338a* 0.319a 
 CONV 0.333a 0.313a 
 CR 0.331a 0.321a 
 CONV 0.333a 0.313a 
25 Jun 2014 NC 0.335a --† 
 CONV 0.333a -- 
 CR 0.332a -- 
 CONV 0.333a -- 
 
NC = no cover; CONV = conventional; CR = cereal rye 
*Values within the same column, sampling date, and treatment comparison that contain 
the same lower case letter are not significantly different at the P ≤ 0.05 level. 
†--Water retention samples taken in 2014 were not taken at the 10-20 cm depth. 
Soil Water Retention at -1500 kPa  
 Water content at -1500 kPa, which represents wilting point in these soils, is a 
measurement of the amount of water in the soil when there is no moisture available to the 
plant and the plant starts to wilt. This was measured to calculate the amount of water that 
is available to plants in the soil. A higher amount of organic matter in the soil increases 
the amount of water that is retained by the soil by increasing the amount of pore space in 
the soil. In 2013, there were no differences among cover crop treatments in water 
retention at -1500 kPa except at SEPAC in both depths (Table 4.26). The three treatments 
in corn (NC-C, 4MIX-C, and OR-C) tended to have higher soil water content at -1500 
kPa than the treatments in soybeans (NC-S, 4MIX-S, and CR-S) in both depths. When 
the samples were taken, which was later than planned, the corn and soybeans had already 
been harvested and the corn and soybean crops may have had more of an impact on the 








quadrant as background data but could not be included in the statistical analysis. The 
water contents at -1500 kPa in the 0-10 cm depth for each quadrant were 0.072, 0.076, 
0.066, and 0.086 g g-1 and in the 10-20 cm depth were 0.068, 0.071, 0.063, and 0.084 g g-
1 in the NE, NW, SE, and SW quadrants respectively.  
 In 2014, there were no differences among cover crop treatments in soil water 
retention at -1500 kPa but there was a difference between tillage treatments at the 
DeSutter site (Table 4.27). The CONV treatment had a statistically lower soil water 
content at -1500 kPa than the NC treatment but was not statistically different from the CR 
treatment. The two no-till treatments are expected to have a higher soil water content at -
1500 kPa than the conventional and in this case, one of the treatments did and the other 
did not.  
Table 4.26 Soil water retention at -1500 kPa as affected by cover crop treatment, depth, 
and sampling time at each site. 
Site Date Treatment Gravimetric Water Content at -1500 kPa, 
g g-1  
   0-10 cm Depth 10-20 cm Depth 
NEPAC 3 Dec 2013 NC-C‡ 0.112a* 0.116a 
4MIX-C 0.115a 0.116a 
OR-C 0.115a 0.116a 
NC-S 0.111a 0.111a 
4MIX-S 0.117a 0.121a 
CR-S 0.119a 0.123a 
23 Jun 2014 NC-C 0.104a --† 
4MIX-C 0.107a -- 
OR-C 0.116a -- 
NC-S 0.108a -- 
3MIX-S 0.118a -- 
CR-S 0.119a -- 
     
     
     
     








Table 4.26 continued. 
SEPAC 14 Oct 2013 NC-C 0.112ab 0.121a 
4MIX-C 0.111abc 0.113ab 
OR-C 0.117a 0.125a 
NC-S 0.095bc 0.086c 
4MIX-S 0.096bc 0.093bc 
CR-S 0.094c 0.094bc 
16 Jun 2014 NC-S 0.115a -- 
3MIX-S 0.121a -- 
CR-S 0.121a -- 
DeSutter 25 Jun 2014 NC 0.117a -- 
CR 0.106a -- 
Rulon 2 Jul 2014 NC 0.085a -- 
OR 0.083a -- 
CR 0.101a -- 
AR 0.131a -- 
Alford 14 Oct 2013 
Background 
W/CC 0.079a 0.073a 
CR/CC 0.080a 0.078a 
26 Jun 2014 W/CC 0.066a -- 
CR/CC 0.067a -- 
Brocksmith 19 Jun 2014 NC 0.115a -- 
CR/R/CC 0.118a -- 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; NC-C = 
no cover before corn; 4MIX-C = oat/daikon radish/cereal rye/crimson clover before corn; 
OR-C = oat/daikon radish before corn; NC-S = no cover before soybean; 4MIX-S = 
oat/daikon radish/cereal rye/crimson clover before soybean; 3MIX-S = oat/daikon 
radish/cereal rye before soybean; CR-S = cereal rye before soybean; NC = no cover; OR 
= oat/daikon radish; CR = cereal rye; AR = annual ryegrass; 3MIX = cereal rye/crimson 
clover/daikon radish; WCC = wheat/crimson clover; CRCC = cereal rye/crimson clover 
*Values within the same column, site, and sampling date that contain the same lower case 
letter are not significantly different at the P ≤ 0.05 level. 
†--Water retention samples taken in 2014 were not taken at the 10-20 cm depth. 














Table 4.27 Soil water retention at -1500 kPa was tested on two fields with different 
tillage systems using a t-test. The NC and CR treatments on the DeSutter field are 
compared to the CONV treatment on the neighbor field. 
Sampling Date Treatment Volumetric Water Content at -
1500 kPa, g g-1 
  0-10 cm depth 10-20 cm depth 
25 Jun 2014 NC 0.117a* --† 
 CONV 0.100b -- 
 CR 0.106a -- 
 CONV 0.100a -- 
 
NC = no cover; CONV = conventional; CR = cereal rye 
*Values within the same column, sampling date, and treatment comparison that contain 
the same lower case letter are not significantly different at the P ≤ 0.05 level. 
†--Water retention samples taken in 2014 were not taken at the 10-20 cm depth. 
Soil Available Water Measurements 
 Soil available water is calculated by subtracting the water content at -1500 kPa 
from the water content at -9.8 kPa (wilting point subtracted from field capacity). It is the 
amount of water that is actually available to the plant. There were no differences among 
cover crop treatments on available water at any of the sites in either year but there was a 
difference between tillage treatments at DeSutter in 2014 (Tables 4.28 and 4.29). The 
CONV treatment had a higher amount of available water than both the no-till treatments 
(NC and CR), which is not expected. The treatments with cover crops and no-till were 
expected to have a higher amount of available water than the treatments with no cover 
crops and conventional till due to a possibility of better soil structure. Similar to other 
parameters, only one or two seasons of cover crops may not be enough time to change the 










Table 4.28 Soil available water as affected by cover crop treatment and year at each site. 
Site Year Treatment Available Water, cm3 cm-3 
   0-10 cm Depth 10-20 cm 
Depth 
NEPAC 2013 NC-C 0.133a* 0.133a 
4MIX-C 0.152a 0.144a 
OR-C 0.149a 0.155a 
2014 NC-S 0.158a --† 
3MIX-S 0.156a -- 
CR-S 0.158a -- 
SEPAC 2014 NC-S 0.166a -- 
3MIX-S 0.154a -- 
CR-S 0.159a -- 
DeSutter 2014 NC 0.179a -- 
CR 0.189a -- 
Rulon 2014 NC 0.198a -- 
OR 0.184a -- 
CR 0.154a -- 
AR 0.153a -- 
Brocksmith 2014 NC 0.205a -- 
3MIX 0.200a -- 
Alford 2013 
Background 
WCC 0.236a 0.224a 
CRCC 0.226a 0.202a 
2014 WCC 0.251a -- 
CRCC 0.238a -- 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; NC-C = 
no cover before corn; 4MIX-C = oat/daikon radish/cereal rye/crimson clover before corn; 
OR-C = oat/daikon radish before corn; NC-S = no cover before soybean; 4MIX-S = 
oat/daikon radish/cereal rye/crimson clover before soybean; 3MIX-S = oat/daikon 
radish/cereal rye before soybean; CR-S = cereal rye before soybean; NC = no cover; OR 
= oat/daikon radish; CR = cereal rye; AR = annual ryegrass; 3MIX = cereal rye/crimson 
clover/daikon radish; WCC = wheat/crimson clover; CRCC = cereal rye/crimson clover 
*Values within the same column, site, and year that contain the same lower case letter are 
not significantly different at the P ≤ 0.05 level. 











Table 4.29 Soil available water was tested on two fields with different tillage systems 
using a t-test. The NC and CR treatments on the DeSutter field are compared to the 
CONV treatment on the neighbor field. 
Sampling Date Treatment Available Water, cm3 cm-3 
  0-10 cm depth 10-20 cm depth 
25 Jun 2014 NC 0.179b* --† 
 CONV 0.211a -- 
 CR 0.189b -- 
 CONV 0.211a -- 
 
NC = no cover; CONV = conventional; CR = cereal rye 
*Values within the same column, sampling date, and treatment comparison that contain 
the same lower case letter are not significantly different at the P ≤ 0.05 level. 
†--Water retention samples taken in 2014 were not taken at the 10-20 cm depth. 
Soil Penetration Resistance Measurements 
 In 2013, there were no differences between cover crop treatments in penetration 
resistance at any depth at Alford (Figures 4.16). No difference was expected at this site 
because treatments were not established until fall 2013 and management was the same 
across the field. At DeSutter, the only difference between the two cover crop treatments 
on the DeSutter farm was in the 10 cm depth and there were no other differences (Figure 
4.17). The CR treatment had a higher penetration resistance than the NC treatment in the 
10 cm depth which may be caused by the cereal rye roots not being broken down at the 
time penetration resistance was measured. Cereal rye had not been planted until fall 2013, 
so few differences were expected between the two cover crop treatments. There were also 
some differences between tillage treatments on the DeSutter and neighbor farms (Figure 
4.18). The CONV treatment had a lower penetration resistance than the NC treatment in 
the 17.5, 20.0, 22.5, 25.0, 55.0, 62.5, and 65.0 cm depths. The CONV treatment also had 
a lower penetration resistance than the CR treatment in the 10.0, 12.5, 15.0, 17.5, 20.0, 








lower penetration resistance in the shallow depths because the soil is loosened by tillage 
every other year. In the deeper depths, the no-till treatments are expected to have a lower 
penetration resistance but a cover crop may loosen the soil after some time. 
There were differences among cover crop treatments in penetration resistance at 
NEPAC in 2013, in the 2.5, 5.0, 7.5, 10.0, 20.0, and 22.5 cm depths but not in the other 
depths (Figure 4.19). The 4MIX-S and CR-S treatments tended to have lower penetration 
resistance than the other treatments and the NC-C and 4MIX-C treatments tended to have 
higher penetration resistance. The treatments with cover crops and especially cereal rye 
in the spring were expected to have lower penetration resistance in the upper depths of 
the soil. The two treatments that grew longer in the spring (4MIX-S and CR-S) did, but 
the 4MIX-C had one of the highest which is not expected. The treatments that had radish 
growing in the fall were expected to have lower penetration resistance in the lower depths 
of the soil but more time may be needed for the cover crops to change the penetration 
resistance in the soil.  
At NEPAC in 2014, the only differences among cover crop treatments in 
penetration resistance were in the 47.5 and 50.0 cm depths (Figure 4.20). Only one rep 
was taken in the NC-S treatment, so the other rep was calculated using LSD and were 
reported as LSMeans. In the 47.5 cm depth, the 4MIX-C had a lower penetration 
resistance than all other treatments. The 4MIX-C treatment had radishes growing in the 
fall, which may have broken up compaction in the deeper depths of the soil, but also 
crimson clover that may have supplied N to the radishes that allowed them to grow more 
than the other treatments. In the 50.0 cm depth, the NC-C, 4MIX-C, and 3MIX-S had 








treatment was not expected to have a lower penetration resistance and the OR-C was not 
expected to have a higher penetration resistance. It is unknown why this happened but 
more time may be needed for the cover crops to change the penetration resistance.  
 At SEPAC in 2013, there were only differences between cover crop treatments in 
the 17.5 and 20.0 cm depths (Figure 4.21). In the 17.5 cm depth, the two mixes (4MIX-C 
and 4MIX-S) tended to have lower penetration resistance and the two no cover treatments 
(NC-C and NC-S) tended to have higher penetration resistance. In the 20.0 cm depth, all 
of the treatments with cover crops (4MIX-C, OR-C, 4MIX-S, and CR-S) tended to have 
lower penetration resistance than the two no cover treatments. In contrast to NEPAC, the 
results here are what was expected. The no cover treatments were expected to have 
higher penetration resistance because there were no cover crop roots to break up 
compaction and build soil structure. The two 4MIX treatments were expected to have the 
lowest penetration resistance because they have the most diverse rooting compared to the 
other treatments. Although there was no biomass collected in the previous fall due to 
little cover crop growth, there was a great amount of cereal rye and crimson clover 
biomass collected from the two 4MIX treatments in the spring (Table 4.4). The CR-S 
treatment had even more biomass than the 4MIX treatments at termination but tended to 
have a higher penetration resistance than both of them. The crimson clover in the two 
4MIX treatments may have lowered the C:N ratio of the residue and accelerated the 
breakdown of cover crop residue whereas in the CR-S treatment, the C:N ratio may have 
been quite high and the root residue may not have decomposed as much, making the 








At SEPAC in 2014, there were differences between cover crop treatments in the 
5.0, 7.5, 10.0, 12.5, 15.0, 17.5, 20.0, 22.5, and 25.0 cm depths (Figure 4.22). From the 5.0 
to 10.0 cm depths, the 3MIX-S and CR-S treatments tended to have lower penetration 
resistance than the other treatments. These treatments had cereal rye that grew longer 
than all other treatments in the spring that may have broken up the soil more (Table 4.4). 
From the 12.5 to 25.0 cm depths, the three treatments in soybean (NC-S, 3MIX-S, and 
CR-S) tended to have lower penetration resistance than those in corn (NC-C, 4MIX-C, 
and OR-C). The NC-S, 3MIX-S, and CR-S plots had been in corn the previous year and 
the corn roots may have broken up the soil more than the plots in soybean the previous 
year (NC-C, 4MIX-C, and OR-C). Over time, the cover crops may change the penetration 
resistance more. 
 At Rulon in 2013, there were only differences among cover crop treatments in the 
37.5 cm depth (Figure 4.23). The NC and CR treatments tended to have lower penetration 
resistance than the AR and OR treatments, which is not expected. The OR treatment is 
expected to have a lower penetration resistance at that depth but similar to the other sites, 
it was not. There were no other differences in penetration resistance, so more time may 
be needed for the cover crops to change the penetration resistance.  
 Penetration was not measured at Brocksmith in 2013. It was also not measured at 
any of the farmer sites in 2014 due to equipment malfunction. It was not measured at 
DTC because the plots were small in size and received a lot of foot traffic from other 
studies which may have flawed the data. Soil moisture samples were also taken at the 
time that penetration resistance was measured because the penetration resistance can vary 








any site or year in the upper 60 cm of soil, so the treatment differences found in the 
penetration resistance measurements were not affected by the soil moisture (Table 4.30). 
There were differences in depth that varied with site and year. At DeSutter, there was a 
treatment * depth effect on soil moisture between the two no-till treatments on the 
DeSutter farm and the tilled treatment on the neighbor farm (Table 4.31). The CONV 
(0.307 g g-1) treatment had a higher soil moisture than the NC (0.257 g g-1) and CR 
(0.260 g g-1) treatments in the 45-60 cm depth but there was no difference in the other 









Figure 4.16 Penetration resistance treatment effect by depth at Alford in 2013 
background data. Treatments without letters were not significantly different within depth 
at the P ≤ 0.05 level. 
WCC = wheat/crimson clover; CRCC = cereal rye/crimson clover 




























Figure 4.17 Penetration resistance treatment effect by depth at DeSutter in 2013 
background data. Treatments without letters were not significantly different within depth 
at the P ≤ 0.05 level. 
NC = no cover; CR = cereal rye 




























Figure 4.18 Comparison of DeSutter NC and CR treatments and neighbor CONV treatment on soil penetration resistance in 2013. 
Treatments without letters were not significantly different within depth at the P ≤ 0.05 level. 














































































Figure 4.19 Penetration resistance treatment effect by depth at NEPAC in 2013. Letters 
indicate significantly different treatments within each depth at the P ≤ 0.05 level. 
Treatments without letters were not significantly different within depth at the at 
NC-C = no cover before corn; 4MIX-C = oat/daikon radish/cereal rye/crimson clover 
before corn; OR-C = oat/daikon radish before corn; NC-S = no cover before soybean; 



































































Figure 4.20 Penetrometer resistance treatment effect by depth at NEPAC in 2014. Letters 
indicate significantly different treatments within each depth at the P ≤ 0.05 level. 
Treatments without letters were not significantly different within depth at the P ≤ 0.05 
level. 
NC-C = no cover before corn; 4MIX-C = oat/daikon radish/cereal rye/crimson clover 
before corn; OR-C = oat/daikon radish before corn; NC-S = no cover before soybean; 










































Figure 4.21 Penetration resistance treatment effect by depth at SEPAC in 2013. Letters 
indicate significantly different treatments within each depth at the P ≤ 0.05 level. 
Treatments without letters were not significantly different within depth at the P ≤ 0.05 
level. 
NC-C = no cover before corn; 4MIX-C = oat/daikon radish/cereal rye/crimson clover 
before corn; OR-C = oat/daikon radish before corn; NC-S = no cover before soybean; 













































Figure 4.22 Penetrometer resistance treatment effect by depth at SEPAC in 2014. Letters 
indicate significantly different treatments within each depth at the P ≤ 0.05 level. 
Treatments without letters were not significantly different within depth at the P ≤ 0.05 
level. 
NC-C = no cover before corn; 4MIX-C = oat/daikon radish/cereal rye/crimson clover 
before corn; OR-C = oat/daikon radish before corn; NC-S = no cover before soybean; 

















































































Figure 4.23 Penetrometer resistance treatment effect by depth at Rulon in 2013. Letters 
indicate significantly different treatments within each depth at the P ≤ 0.05 level. 
Treatments without letters were not significantly different within depth at the P ≤ 0.05 
level. 
































Table 4.30 Cover crop treatment had no effect on soil moisture taken at time of 
penetration resistance measurements at any site or year. The mean for each depth is 
shown averaged over all cover crop treatments (LSMeans). 
Site Date Soil Moisture, g g-1 








NEPAC 12 Jun 2013 -- 0.208b 0.223a 0.232a 0.231a 
SEPAC 11 Jun 2013 -- 0.213c 0.224b 0.231a 0.233a 
9 Jun 2014 -- 0.229b 0.233ab 0.240a 0.241a 
DeSutter 6 Jun 2013 
Background 
-- 0.211b 0.248a 0.256a 0.258a 
Rulon 20 Jun 2013 -- 0.167b 0.187b 0.244a 0.238a 
Alford 11 Jul 2013 
Background  
-- 0.245a 0.219b 0.241a 0.246a 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center 
*Values within the same site and sampling date that contain the same lower case letter 
are not significantly different at the P ≤ 0.05 level. 
 
Table 4.31 Comparison of DeSutter treatments and neighbor treatment on soil moisture 
content taken at penetration resistance (LSMeans). 
Sampling 
Date 
Depth, cm Soil Moisture, g g-1 
DeSutter,  Neighbor 
  NC CR CONV 
6 Jun 2013 0-15 0.207 0.215 0.214 
 15-30 0.247 0.248 0.249 
 30-45 0.253 0.259 0.261 
 45-60 0.257* 0.260 0.307 
 
NC = no cover; CR = cereal rye; CONV = conventional 
*T-test shows that NC is significantly different from CONV and CR is significantly 










Figure 4.24 Soil moisture taken at time of penetration resistance to compare treatment on 
DeSutter site (NC) to treatment on neighbor site (CONV). 




Figure 4.25 Soil moisture taken at time of penetration resistance to compare treatment on 
DeSutter site (CR) to treatment on neighbor site (CONV). 






























































Plant Population Measurements 
Plant population counts were not taken in 2013. In 2014, there was no treatment 
effect at NEPAC, SEPAC, DTC corn, and Alford. The treatments with high amounts of 
residue sometimes decrease the cash crop population if planting equipment is not set up 
properly which may cause other problems as well. This suggests that the cover crop 
residue did not affect the efficacy of planting in this study. Plant population counts were 
not taken on DTC soybeans, DeSutter, Brocksmith, and Rulon. 
Table 4.32 Plant population as affected by cover crop treatment, cash crop, and sampling 
date at each site.  
Site Date Cash Crop Treatment Population 
    plants ha-1 
NEPAC 23 Jun 2014 
 
Corn NC-C 75,676a* 
4MIX-C 77,529a 
OR-C 78,147a 
Soybean NC-S 346,380a 
3MIX-S 368,372a 
CR-S 335,383a 
SEPAC 9 Jun 2014 Corn NC-C 75,367a 
4MIX-C 79,074a 
OR-C 76,603a 
Soybean NC-S 277,581a 
3MIX-S 255,754a 
CR-S 260,284a 
DTC 17 Oct 2014 Corn NC-C 43,124a 
4MIX-C 43,177a 
OR-C 40,201a 
Alford 9 Jun 2014 Corn WCC 62,548a 
CRCC 66,718a 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; DTC = 
Diagnostic Training Center; NC-C = no cover before corn; 4MIX-C = oat/daikon 
radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before corn; NC-
S = no cover before soybean; 3MIX-S = oat/daikon radish cereal rye before soybean; CR-
S = cereal rye before soybean; WCC = wheat/crimson clover; CRCC = cereal 
rye/crimson clover 
*Values within the same column, site, sampling date, and cash crop that contain the same 








SPAD Readings on Corn Tissue Measurements 
There was no treatment effect on SPAD readings on corn tissues at NEPAC and 
SEPAC in 2013 and 2014. In 2013, there was no treatment effect on SPAD readings at 
Brocksmith, DeSutter, and Rulon. Rulon data were taken from the treatments with 151 kg 
N ha-1 applied at sidedress. In 2014, there was no treatment effect on SPAD readings at 
DTC and Alford. Typically, when more N is available to the corn crop, it will produce a 
higher SPAD reading because the crops contain more chlorophyll. The treatments with 
cover crops scavenged N in most sites over the winter and were expected to release it to 
the corn during the growing season, which would produce a higher SPAD reading. 
However, the N that was scavenged by cover crops may release too early, late, or not at 


















Table 4.33 SPAD readings as affected by cover crop treatment and sampling date at each 
site.  
Site Date Treatment SPAD Reading 
NEPAC 8 Aug 2013 NC-C 57.1a* 
4MIX-C 57.6a 
OR-C 57.4a 
31 Jul 2014 NC-C 53.8a 
4MIX-C 53.5a 
OR-C 54.2a 
SEPAC 23 Jul 2013 NC-C 60.4a 
4MIX-C 58.7a 
OR-C 59.5a 
10 Jul 2014 NC-C 61.2a 
4MIX-C 60.0a 
OR-C 60.1a 
DTC 10 Jul 2014 NC-C 59.8a 
4MIX-C 58.9a 
OR-C 60.9a 








Brocksmith 26 Jul 2013 
Background 
NC 48.0a 
 3MIX 50.5a 
Alford 25 Jul 2014 WCC 53.9a 
CRCC 56.0a 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; DTC = 
Diagnostic Training Center; NC-C = no cover before corn; 4MIX-C = oat/daikon 
radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before corn; NC 
= no cover; CR = cereal rye; OR = oat/daikon radish; AR = annual ryegrass; 3MIX = 
cereal rye/crimson clover/daikon radish; WCC = wheat/crimson clover; CRCC = cereal 
rye/crimson clover 
*Values within the same column, site, sampling date, and cash crop that contain the same 
lower case letter are not significantly different at the P ≤ 0.05 level. 
†--Treatment was not sampled. 
 
Stalk NO3-N Concentration Measurements 
 There were no treatment effects at any site in either year on corn stalk NO3-N 








sidedress. As with the SPAD readings, the treatments with cover crops previously 
growing were expected to produce a higher stalk NO3-N concentration. However, in the 
treatments with the cereal grain cover crops, the oat and cereal rye may have immobilized 
N due to their high C:N ratio as found by Salmeron et al. (2011). The cover crops could 
have also released N too early for the corn to use. All of the values except at DeSutter are 
less than optimum according to Camberato and Nielsen (2014). They consider a stalk 
NO3-N concentration of less than 251 ppm to be low, from 1,000 to 2,000 ppm to be 
economically optimal, and from 2,001 to 4,000 ppm in multiple years to be excessive, 
and more than 4,000 ppm to be excessive. Even though all of the results except at 
DeSutter in this study were low, the corn crop may not have been short of N according to 
Camberato and Nielsen (2014). The DeSutter site may have an excessive amount of N 

















Table 4.34 Stalk NO3-N concentrations as affected by cover crop treatment and year at 
each site.  
Site Year Treatment Stalk NO3-N 
Concentration 
   ppm 
NEPAC 2013 NC-C 46a* 
4MIX-C 131a 
OR-C 110a 
2014 NC-C 149a 
4MIX-C 95a 
OR-C 180a 
SEPAC 2013 NC-C 373a 
4MIX-C 457a 
OR-C 214a 
2014 NC-C 85a 
4MIX-C 86a 
OR-C 247a 
DTC 2014 NC-C 13a 
4MIX-C 23a 
OR-C 18a 
DeSutter 2013 NC 2464a 
CR 2227a 







 3MIX 133a 
Alford 2014 WCC 403a 
CRCC 308a 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; DTC = 
Diagnostic Training Center; NC-C = no cover before corn; 4MIX-C = oat/daikon 
radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before corn; NC 
= no cover; CR = cereal rye; OR = oat/daikon radish; AR = annual ryegrass; 3MIX = 
cereal rye/crimson clover/daikon radish; WCC = wheat/crimson clover; CRCC = cereal 
rye/crimson clover 
*Values within the same column, site, and year that contain the same lower case letter are 









Cash Crop Yield 
 There was no treatment effect on corn and soybean yield at any of the sites in 
2013 and 2014. Rulon data were taken from the treatments with 151 kg N ha-1 applied at 
sidedress. There was differing results in the literature about whether cover crops 
increased or decreased the cash crop yield. The yield is expected to change with more 
time. 
Table 4.35 Corn yields at 15.5% moisture and soybean yields at 13% moisture as affected 
by cover crop treatment, cash crop, and year at each site.  
Site Year Cash Crop Treatment Yield 
    kg ha-1 
NEPAC 2013 Corn NC-C 11,120a* 
4MIX-C 11,015a 
OR-C 11,719a 
Soybean NC-S 3611a 
4MIX-S 3608a 
CR-S 3628a 
2014 Corn NC-C 12,220a 
4MIX-C 12,049a 
OR-C 12,580a 
Soybean NC-S 3819a 
3MIX-S 3770a 
CR-S 3874a 
SEPAC 2013 Corn NC-C 10,279a 
4MIX-C 9380a 
OR-C 8862a 
Soybean NC-S 3066a 
4MIX-S 3262a 
CR-S 3357a 
2014 Corn NC-C 12,747a 
4MIX-C 12,773a 
OR-C 13,098a 
Soybean NC-S 4350a 
3MIX-S 4058a 
CR-S 4239a 
DTC 2014 Corn NC-C 10,370a 
  4MIX-C 10,644a 
  OR-C 10,720a 








Table 4.35 continued. 
  Soybean NC-S 4071a 
  3MIX-S 3859a 
  CR-S 3498a 
DeSutter 2013 
Background 
Corn NC 13,883a 
CR 13,956a 
2014 Soybean NC 4656a 
CR 4886a 
Rulon 2013 Corn NC 9192a 
 OR 9261a 
 CR 8855a 
 AR 9220a 
 2014 Soybean NC 5137a 
 OR 5312a 
 CR 5300a 
 AR 5343a 
Brocksmith 2013 
Background 
Corn NC 16,561a 
  3MIX 17,043a 
 2014 Soybean NC 4802a 
   3MIX 5003a 
Alford 2013 
Background 
Soybean WCC 2918a 
CRCC 2817a 
2014 Corn WCC 10,822a 
CRCC 10,616a 
 
NEPAC = Northeast Purdue Ag Center; SEPAC = Southeast Purdue Ag Center; DTC = 
Diagnostic Training Center; NC-C = no cover before corn; 4MIX-C = oat/daikon 
radish/cereal rye/crimson clover before corn; OR-C = oat/daikon radish before corn; NC 
= no cover; CR = cereal rye; OR = oat/daikon radish; AR = annual ryegrass; 3MIX = 
cereal rye/crimson clover/daikon radish; WCC = wheat/crimson clover; CRCC = cereal 
rye/crimson clover 
*Values within the same column, site, and year that contain the same lower case letter are 








CHAPTER 5. DISCUSSION 
Cover Crop Biomass  
 The cover crops were not planted until late September and early October in 2012 
due to a later cash crop harvest, which is later than optimum planting time. This may 
have not allowed the cover crops to establish and grow before either winter killing or 
going dormant and no biomass was collected that fall. The cover crops may have also 
been affected by the drought in 2012. There were also not many sites in fall 2013 that had 
enough cover crop growth to sample. The sites that had enough growth were SEPAC, 
DTC, and Brocksmith and there could be many reasons why these had enough growth 
and the others did not. Some of the reasons could be planting date, differing weather 
conditions, effectiveness of the drill, and more. The SEPAC and DTC cover crops were 
planted in the third week of September and Brocksmith in the second week of October. 
NEPAC was also planted in mid-October but it is located about 400 km northeast of the 
Brocksmith site and experienced colder temperatures earlier. Alford was planted around 
the same time as Brocksmith but may have not had as much growth in the fall because 
wheat, cereal rye, and crimson clover do not grow rapidly in the fall whereas the daikon 
radish planted at the Brocksmith site does. The Rulon site was planted in late September 
but the sampling was flawed. The optimum time to plant cover crops is early to mid-








the cover crops are planted the more biomass, carbon, and N content they have (Dabney 
et al., 2001). However, in the Midwest, cash crops can be harvested into October in some 
years delaying cover crop planting. 
 There was more biomass in the spring sampling times than in the fall at each site 
for all treatments that had winter-hardy cover crops. The treatments with no cover crops 
and only weeds growing generally had significantly less biomass than the treatments with 
cover crops growing. At the Purdue sites, the cover crops planted before corn were 
terminated about two weeks before planting and the covers before soybean were let grow 
until close to soybean planting. In spring 2014, the 3MIX-S and CR-S were sampled at 
both termination times to compare how much growth can be achieved in the 
approximately two week time period between termination times. There was significantly 
more growth in the second sampling compared to the first which may increase the 
benefits gained from the cover crops. The significant increase in cover crop growth was 
also found by Dabney et al. (2001) and Shipley et al. (1992). The N content of cover 
crops that are terminated later has also been found to be greater than those that are 
terminated early due to the added growth and increase in plant material (Saiju and Singh, 
2001; Clark et al., 1997). The N concentration is however, often lower in the second 
sampling because the C:N ratio of the plants often goes down as they get older. 
Cover Crop and No-Till Effects on Soil NO3-N and NH4-N Concentrations 
 The soil chemical properties that were tested in this study were NO3-N and NH4-
N concentrations in the soil before, during, and after cover crops were planted. The soil 
NH4-N concentrations generally did not differ among treatments but did between depths. 








negatively charged soil until it is turned into NO3 through nitrification. The higher NH4-N 
concentration is typically found in the shallow depths of the soil due to it being less 
mobile and this was shown in this study. In contrast, NO3 is very mobile in the soil 
because it has a negative charge and is lost easily to leaching because of its mobility 
(Thomas, 1970).  
 In the fall, the treatments with cover crops had the lowest NO3-N concentrations 
in the soil compared to the no cover treatments, which was also found by Dean and Weil 
(2009) who used radishes, rapeseed, and rye. The cover crops are expected to take up 
NO3 in the fall until they either winter kill or go dormant. In fall 2012, there was not 
enough cover crop growth to take biomass samples and in turn, not many differences in 
the NO3-N concentrations. In fall 2013, there were no differences between treatments on 
NO3-N concentrations at the four farmer sites. At the SEPAC and DTC sites, the 
treatments with cover crops generally had a lower soil NO3-N concentration than the 
treatments with no cover crops. At NEPAC, the cover crop treatments that were planted 
after corn had lower NO3-N concentrations than those planted after soybean, which 
means that there may have been less NO3 in the soil after the corn crop and that had more 
of an effect on the soil NO3-N concentration than did the cover crops. This trend also 
continued in the next spring and summer, where the cover crop treatments planted after 
corn had lower NO3-N concentrations than those planted after soybean. However, the 
4MIX-C treatment planted after soybean did have a lower NO3-N concentration than the 
NC-C and OR-C treatments, which means that the cereal rye in the 4MIX-C treatment 








 In the spring, the treatments that had cover crops growing generally had lower soil 
NO3-N concentrations than the no cover treatments and the treatments with cover crops 
that winter-killed. Lower NO3-N concentrations in the spring have also been found with 
rapeseed and rye compared to forage radish, oilseed radish, and a no cover control by 
Dean and Weil (2009). Annual ryegrass and red clover also lowered the soil NO3-N 
concentration compared to forage radish, oilseed radish, and a no cover control (Vyn et 
al., 1999) and oat compared to oilseed radish and a no cover control (Vyn et al., 2000). 
Also in the spring, cereal rye had the lowest soil NO3-N concentration, similar to this 
study, compared to a no cover control (Strock et al., 2004). Cereal rye was the cover crop 
in this study at all of the sites that generally had the lowest NO3-N concentration in the 
spring due to its rapid growth and N uptake which has also been found by Shipley et al. 
(1992), Staver and Brinsfield (1998), and Strock et al. (2004). The OR-C treatments 
tended to have about the same NO3-N concentrations as the no cover treatments in the 
spring at the Purdue sites. Both oat and daikon radish cover crops winter killed and the 
radishes tended to decompose very quickly due to a low C:N ratio which may be the 
reason for the higher NO3-N concentrations in the spring compared to the treatments with 
cereal rye. It has been suggested that a grass cover crop that grows in the spring be 
planted with the radishes so that the NO3 scavenged by the radishes not be leached away 
(Dean and Weil, 2009). 
 At the PSNT sampling time, the cover crops had been terminated and were 
expected to be releasing N but in this study, there was either no difference between 
treatments or the NO3-N concentration remained lower in the treatments with spring 








high C:N ratio, which has also been found by Dietzel et al. (2011) and Staver and 
Brinsfield (1998). The rye residue will eventually break down and contribute to soil 
organic matter, but the N may still be unavailable to the following crop in the short term. 
Starter and sidedress N fertilizer may be needed in the corn crop after cover crop 
termination to overcome the shortage of N caused by the cover crop (Vyn et al., 2000). 
Despite the lower soil NO3-N concentrations in the treatments with spring cover crops, 
there was no effect on the cash crop measurements in this study. However, starter and 
side-dress fertilizer N applications were used in the corn crop, which may have made up 
for possible immobilization from the cereal rye. It may take more time for the cover crops 
to build up organic matter in the soil and provide N to the following cash crop, which 
may then lower the amount of N fertilizer that is needed.   
Cover Crop and No-Till Effects on Soil Physical Properties 
There were many soil physical properties tested in this study because no-till and 
cover crops can have a large influence on these properties. Overall, the cover crops will 
need more time to have an effect on the soil physical properties than what was tested in 
this study. There were only one or two years of cover crops and many studies find that it 
takes many years to measure the effects of cover crops on soil physical properties (Chen 
and Weil, 2011; Liebig et al., 2004).  
Some of the parameters tested were only point measurements like soil moisture 
and temperature to determine if the cover crops have an effect on them. There were many 
treatment effects on soil moisture which may be attributed to transpiration from the cover 
crop, soil evaporation, and soil infiltration. The growing cover crops can lower the soil 








keeping the soil more moist. Cover crops may also increase infiltration and produce a 
higher soil moisture after a rain event whereas the no cover control may have surface 
runoff and a lower soil moisture. The cover crop residues after termination may produce 
a higher soil moisture due to a decrease in evaporation and increasing infiltration in the 
rooting channels. Because there are many factors at play, it is difficult to compare the 
treatments with these point soil moisture measurements. The Decagon soil moisture 
sensors may give a better understanding of how the cover crops affect the soil moisture. 
In this study, the Decagon soil moisture sensors were used but in only one rep due to 
cost, so were not statistically analyzed. The Decagon data are presented in Appendix B 
but more reps are needed to make conclusions.  
There is generally a problem with excess soil moisture in the spring when cash 
crops are being planted and in the late summer when moisture is scarce. In this study, the 
cover crops did not seem to have a large influence on the moisture content in the spring 
before cash crop planting, and so they would not delay the planting of the cash crops due 
to moisture. The main differences in soil moisture were found with depth. In the majority 
of significant depth effects, the top depth, 0-10 cm, had a higher moisture content than 
the lower depth, 10-20 cm. These were generally affected by the amount of precipitation 
that had been received. In the treatment * depth effects, the treatments were generally 
different in the 0-10 cm depth and the same in the 10-20 cm depth which is expected 
because there are generally more roots found in the shallow depth (not measured in this 
study) and this is also where evaporation occurs. With more growth, the cover crops are 








Weil, 2004), and improve infiltration (Kaspar et al., 2001) which leads to difficult 
conclusions on whether the soil moisture content would be more or less.  
 Soil temperature is much like soil moisture where the results are difficult to 
interpret because they were point measurements and there are a lot of factors that may 
have an effect on the results. Similar to the soil moisture measurements, lower soil 
temperatures in late spring can delay cash crop planting (Blanco-Canqui et al., 2011; 
Dabney et al., 2001; Kladivko et al., 1986). These samples were also taken in only the 
spring and early summer of 2014 and the results were variable. There were many cases 
where the soil temperature was statistically significant but not physically significant. 
Where there seems to be a physical difference, generally the no cover treatments had 
higher soil temperatures than those with growing cover crops or cover crop residue. At 
SEPAC at the pre-sidedress sampling time, there seemed to be more of an effect with 
cash crop residue with the treatments in soybean residue having higher soil temperatures 
than those in corn residue. This is expected because corn produces much more residue 
than soybeans and the corn residue decomposes more slowly due to a high C:N ratio.  
 The other soil physical property measurements that were made were aggregate 
stability, bulk density and total porosity, soil water retention, and penetration resistance. 
There were a few treatment differences with aggregate stability but the results were 
variable. In the first year at SEPAC, there was a positive outcome of the CR-S, 4MIX-C, 
and 4MIX-S treatments having larger MWDs than both of the no cover treatments and 
the OR-C treatment. Higher aggregation was also found in Indiana with hairy vetch, 
mustard, a mixture of rye and vetch, and rye compared to winter pea and a no cover 








stability (Steele et al., 2012; Villamil et al., 2006) and the treatments at this site that had 
the larger MWDs all had cereal rye in them. There had been a great amount cereal rye 
growth in the spring previous to taking the aggregate stability samples which may have 
contributed to the improved soil structure (Table 4.8). However, there was no treatment 
difference in the next year at SEPAC and the CR-S treatment (2.9 mm) that had the 
highest in the year before was the only treatment to decrease when it turned into the OR-
C treatment (2.3). All of the other treatments had an increase in MWD in 2014 compared 
to 2013.  
 The 2014 NEPAC samples also had a treatment difference but it was not expected 
because the NC-S treatment had the largest MWD and the 4MIX-C had the lowest. The 
treatments with cover crops are expected to have a larger MWD but the NC-S treatment 
had a larger MWD and the reason is unknown. It may take more time for the cover crops 
to change the aggregate stability.  
 There was also a difference between treatments on aggregate stability at DeSutter 
in both years where there are two no-till treatments in the DeSutter field and one 
conventional till treatment in a neighbor field. In 2013 when there was no cover crop 
planted in the CR treatment, the difference was with the NC treatment having a larger 
MWD than the CONV treatment. In the second year, the NC and CR treatments both had 
larger MWDs than the CONV treatment. No-till soils are often shown to have better 
aggregate stability because the soil structure is not broken up by tillage equipment 
(Mannering et al., 1975; Vyn and Raimbault, 1993). 
 The same results found at DeSutter for aggregate stability were also found with 








density and total porosity between the no-till treatments and the conventional till 
treatment. In 2013, the NC and CR treatments had a higher bulk density and lower total 
porosity than the CONV treatment in the 10-20 cm depth and a lower total porosity in the 
0-10 cm depth. In 2014, they also had a higher bulk density and lower total porosity than 
the CONV treatment in the 0-10 cm depth. When the soil is tilled and mixed, there is 
typically more pore space in the soil which would decrease the bulk density and increase 
the total porosity (Hill, 1990; Singh and Malhi, 2006; Vyn and Raimbault, 1993). After 
some time, cover crops have also been shown to lower the bulk density and increase the 
total porosity due to increased organic matter but it may take many years of cover 
cropping to accomplish that (Stavi et al., 2012; Villamil et al., 2006). In this study, the 
cover crop treatments did not have an effect on the soil bulk density and total porosity, 
similar to Chen and Weil (2011) and Liebig et al. (2004).  
 Water retention characteristics were evaluated at saturation, -9.8 kPa, and -1500 
kPa where the -9.8 kPa represented field capacity and -1500 kPa represented wilting 
point. Then, the amount of available water was found by subtracting the wilting point 
values from the field capacity values. In the water retention at saturation measurement, 
there were only two significant differences. At DeSutter, similar to the bulk density and 
total porosity results, there was a difference between the no-till treatments and 
conventional till treatment on water content at saturation in 2014. Since there is more 
pore space in the conventionally tilled treatment and more room for water, a higher water 
content at saturation is expected compared to the no-till treatments. There was also a 
higher water content at saturation found at Brocksmtih in 2014 in the NC treatment 








density and total porosity results. The NC treatment tended to have a higher soil bulk 
density and lower total porosity than the 3MIX, although not statistically different, so it is 
unknown why the NC had a higher water content at saturation.  
 The results found with water retention at saturation were not found with water 
retention at -9.8 kPa. Here, the differences were found at Rulon in 2014 and Alford in 
2013. At Rulon, the highest water content at -9.8 kPa was in the AR treatment and the 
lowest was in the CR treatment. Both of these treatments are expected to have a higher 
water content at -9.8 kPa than the NC treatment but that was not the case. At Alford, 
treatments had not yet been established and the results show that the plots to become the 
WCC treatment had a higher water content at -9.8 kPa than the plots to become the 
CRCC treatment.  
 The results found with water retention at -1500 kPa were also different than the 
other water retention measurements. There were only two significant differences and they 
were not the same as what was found with water retention at saturation and at -9.8 kPa. 
At SEPAC in 2013, the higher water contents at -1500 kPa were in the corn treatments at 
both depths and the lower water contents were in the soybean treatments, suggesting that 
the cash crop may have had more of an influence on the water content at -1500 kPa than 
the cover crop treatments. However, at DeSutter in 2014, the NC treatment had a higher 
water content at -1500 kPa than the CR and CONV treatments. If the cash crop has more 
of an influence, the NC and CR treatments that were in soybean are expected to be 
different from the CONV in corn. The NC and CR treatments are also expected to be 
different from the CONV treatment because the no-till treatments had a tendency of 








retention at -1500 kPa. The cereal rye was also expected to improve the water retention at 
-1500 kPa due to possibly having a higher organic matter content but it was not different 
from the CONV, so the two treatments that were expected to be the most different were 
not statistically different.  
 There were no treatment differences with the amount of available water. Since the 
water retention results were so variable and did not seem to relate to one another, it may 
mean that more time is needed to really demonstrate differences in the treatments. There 
have only been two years in the study and that may not be enough time to alter the soil 
water retention characteristics. There was a difference between the two tillage systems at 
the DeSutter site where the conventional till treatment had a higher available water 
content than the two no-till treatments. The no-till treatments were expected to have a 
higher amount of available water and it is unknown why the conventional treatment had 
more. 
 Similar to the other soil physical property measurements, there were not many 
treatment differences with soil penetration resistance. At SEPAC and NEPAC, there 
seemed to be more of a cash crop effect with the higher penetration resistance in the corn 
treatments compared to the soybean treatments. The soybeans are planted in a 19 cm row 
spacing and the corn is planted in a 76 cm row spacing, and so the soybean treatments 
may have more roots to break up the soil at the time that penetration resistance was taken. 
The previous corn residues may also be decaying and allowing for a lower penetration 
resistance. With more time, there may be more of a cover crop effect due to more diverse 
rooting. However, at SEPAC in 2013, there was an expected difference between the 








resistance at the plow pan that may be due to having the most diverse rooting with four 
cover crops in the mixture. The cover crop roots may have the ability to break through 
the plow pan and allow cash crop roots to follow the rooting paths. These treatments also 
had crimson clover growing in the spring which may have lowered the C:N ratio of the 
residues and allowed for faster breakdown than the CR-S treatment. The conventional till 
treatment at the DeSutter site also had a lower penetration resistance than the two no-till 
treatments, which is expected because the soil was loosened every other year. The soil 
moisture results taken at the time of penetration resistance measurements did not show a 
difference between the treatments and therefore did not affect the penetration resistance 
results.   
Cover Crop and No-Till Effects on Cash Crop Properties 
 In our study, there was no cover crop effect on corn and soybean yield. Similar 
results were found by Steele et al. (2012) using cereal rye in continuous corn for 13 years 
in Maryland and Strock et al. (2004) using cereal rye in a corn/soybean rotation for 4 
years in Minnesota. There are other studies that have found cover crops decreasing cash 
crop yields due to N immobilization and thick residues making it difficult to plant but 
that was not the case in this study (Clark et al., 1994; Teasdale et al., 2008; Vyn et al., 
2000). Although the yields did not increase with the use of cover crops, it is encouraging 
that the yields did not decrease. With more time, the yields may increase due to cover 
crop benefits in soil properties and nutrient cycling which has been found by Chen and 
Weil (2011), who used rapeseed, forage radish, and rye in continuous corn for 4 years in 








Georgia (Sainju et al., 2001) and using cereal rye in continuous corn for 7 years in 
Maryland (Staver and Brinsfield, 1998).  
 The other cash crop measurements were done in the corn crop. Since soybeans fix 
their own N, cover crops may have more of an effect on corn by improving N cycling. 
The SPAD readings were taken to test if the cover crops were increasing the amount of N 
available to the corn crop at the beginning of reproduction, or silking. In this study, there 
was no cover crop effect on SPAD readings. Even though the cover crops had scavenged 
N in the fall and spring according to the biomass N and soil NO3-N and NH4-N 
concentration results, it appears that they did not increase the amount of N available to 
the corn crop at silking. The NO3-N results at the PSNT sampling time showed lower soil 
NO3-N concentrations in the treatments that had cover crops growing in the spring, so it 
may be that the cover crops are not releasing N at the right time for cash crops. The cover 
crops may be releasing N too early, too late, or not at all due to contributing to organic 
matter. Some have found that cover crops lower the SPAD readings in the corn crop 
compared to a no cover control (Salmeron et al., 2010; Salmeron et al., 2011), so it is 
positive that they did not decrease the readings in this study.  
 Stalk NO3-N concentration in the corn crop, like SPAD readings, indicate the 
amount of N in the corn plant at the end of grain production. These measurements were 
made to test if the cover crops were increasing the amount of N available to the cash crop 
at this time but there were no cover crop effects on the stalk NO3-N concentration. 
Similar to the SPAD readings, the cover crops may be releasing scavenged N too early 
and they may also be releasing too late or only contributing to soil organic matter (Vyn et 








compared to no cover crops when N is limiting (Kaspar et al., 2012). There may be no 
difference in this study due to the short amount of time the treatments have had cover 
crops and the adequate fertilizer N that was added to the corn crop. It is also possible that 
the N that was scavenged by the cover crops was not lost in the treatments with no cover 
crops.  
Implications and Areas of Future Research 
 Adding cover crops and no-till to a management system can improve soil health 
properties. The cover crop treatments reduced NO3-N concentrations in the fall and 
spring which then reduces the amount of NO3-N potentially leached into drainage water. 
No-till and cover crops also keep the soil covered with crop residues or biomass over the 
winter and early spring when the Midwest receives most of its excess water and thereby 
reduces erosion. In this study, the no-till treatments at the DeSutter site had improved soil 
physical properties and contributed to good soil structure as shown by the aggregate 
stability measurements, as compared to the conventional neighbor.  
 The cover crop biomass was greatly increased when letting it grow longer before 
the soybean cash crop than the early termination before the corn cash crop at the Purdue 
sites. This added growth above and below ground can enhance the cover crop benefits or 
detriments and contribute to better soil health. Soil NO3-N and NH4-N concentrations 
were not taken at the second biomass sampling in the soybean treatments but it would 
have been interesting to know how much more the cereal rye scavenged in that extra two 
weeks of growth.  
 More research is needed to determine the release of N from the cover crops to the 








readings, and stalk nitrate NO3-N concentrations did not show N being released from the 
cover crop residues. The cover crops may have released the N too early for the cash crops 
or immobilized the N and contributed to the amount of organic matter in the soil, which 
may eventually benefit the cash crop. More time is needed to demonstrate added organic 
matter and the release of N from the cover crops. 
 More research is also needed to quantify the effects of cover crops on soil 
physical properties. Soil physical properties take many years to alter due to the previous 
repeated tillage use and monocropping, and one or two years is not enough time to 
demonstrate changes in the soil structure, soil water properties, and penetration 
resistance. The differences that were found in this study were mainly due to tillage effects 
at the DeSutter site which has been in no-till for many years. It may also take many years 
to demonstrate the changes with cover crops.  
 In the larger project that this study was a part of, four commercially available 
biological tests were being tested. A large part of soil health comes from the microbial 
community in the soil and many are becoming more interested in improving the soil 
microbial communities. There is not a lot known about the four biological tests or if they 
are accurate measures of the soil microbes, so more research is needed to understand their 
accuracy and compare them. More research is also needed to quantify the effects of cover 
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Appendix A Biomass Height and Precipitation Tables 
 
Table A.1 Cover crop biomass height measurements taken during biomass sampling by 














   cm cm cm cm 
NEPAC 22 Apr 
2013 
NC-C --* -- -- -- 
4MIX-C -- -- 21 -- 
OR-C -- -- -- -- 
NC-S -- -- -- -- 
4MIX-S -- -- 20 -- 
5 May 
2013 
NC-S -- -- -- -- 
4MIX-S -- -- 50 -- 
CR-S -- -- 54 -- 
5 May 
2014 
NC-C -- -- -- -- 
4MIX-C -- -- 25 -- 
OR-C -- -- -- -- 
NC-S -- -- -- -- 
3MIX-S -- -- 19 -- 
CR-S -- -- 22 -- 
20 May 
2014 
NC-S -- -- -- -- 
3MIX-S -- -- 35 -- 
CR-S -- -- 45 -- 
SEPAC 12 Apr 
2013 
NC-C -- -- -- -- 
 4MIX-C -- -- 19 -- 
 OR-C -- -- -- -- 
 NC-S -- -- -- -- 
 4MIX-S -- -- 20 -- 
 30 Apr 
2013 
NC-S -- -- -- -- 
 4MIX-S -- -- 48 27 
 CR-S -- -- 49 -- 
 18 Nov 
2013 
NC-C -- -- -- -- 
 4MIX-C 21 14 13 6 
 OR-C 21 13 -- -- 
 NC-S -- -- -- -- 
 3MIX-S 21 12 13 -- 
 CR-S -- -- 15 -- 
       








       
Table A.1. continued. 
       
 16 Apr 
2014 
NC-C -- -- -- -- 
 4MIX-C -- -- 25 8 
 OR-C -- -- -- -- 
 NC-S -- -- -- -- 
 3MIX-S -- -- 23 -- 
 CR-S -- -- 22 -- 
 2 May 
2014 
NC-S -- -- -- -- 
 3MIX-S -- -- 50 -- 
 CR-S -- -- 56 -- 
DTC 15 Nov 
2013 
NC-C -- -- -- -- 
4MIX-C 25 12 15 5 
OR-C 24 14 -- -- 
NC-S -- -- -- -- 
3MIX-S 26 14 19 -- 
CR-S -- -- 18 -- 
21 Apr 
2014 
NC-C -- -- -- -- 
4MIX-C -- -- 24 5 
OR-C -- -- -- -- 
NC-S -- -- -- -- 
3MIX-S -- -- 23 -- 
CR-S -- -- 26 -- 
12 May 
2014 
NC-S -- -- -- -- 
3MIX-S -- -- 75 -- 
CR-S -- -- 88 -- 
DeSutter 7 May 
2014 
NC -- -- -- -- 
CR -- -- 35 -- 
 





















Table A.2 Precipitation at NEPAC from August 1, 2012 through November 30, 2012 
taken from the Columbia City, IN station that is 6.9 km from the NEPAC site. 
2012 Aug Sep Oct Nov 
 -----------------cm----------------- 
1 T* 0 0 T 
2 0 0.33 0.25 T 
3 0 0.81 0.25 0 
4 0 0 0 0 
5 3.40 0 0.20 0 
6 0 1.02 1.07 0 
7 0 0 0 0 
8 0 1.30 0 0 
9 0.18 0.08 0 0 
10 2.74 0 0.25 T 
11 0.13 0 0 0 
12 0 0 0 1.14 
13 0 0 M 0 
14 3.25 0.15 0.51 0 
15 0 M† 0.38 0 
16 0 0.38 0 0 
17 0.30 0 0 0 
18 0 0.05 2.36 0 
19 0 0 0.20 0 
20 0 0 0.71 0 
21 0 0 0 0 
22 0 0.71 0 0 
23 0 0.33 0.36 0.18 
24 0 0 0.05 0 
25 0 0 0 0 
26 0 T 0 0 
27 2.72 0 0.25 0 
28 0.05 0 0 0 
29 0 0 0 0 
30 0 0 0.13 0 
31 0  0.46  
 
*T = Trace precipitation 










Table A.3 Precipitation at NEPAC from March 1, 2013 through November 30, 2013 
taken from the Columbia City, IN station that is 6.9 km from the NEPAC site. 
2013 Mar Apr May Jun Jul Aug Sep Oct Nov 
 -------------------------------------------------cm-----------------------------------------
-------- 
1 0 0 0 12.70 0 0.10 T 0 2.64 
2 0 0 0 T 0.69 0.81 0 T T 
3 0 0 0 0 0.71 8.33 0 0.13 0.10 
4 0 0 0 0 0 0 0 0.23 0 
5 T* 0 0 0 0 0 0.51 1.02 0 
6 1.93 0 0 0 0 0 0 0.56 0.15 
7 0 0.05 T 0 0.28 0 0 0.99 0.51 
8 0 0 0 0 0.10 0 0 0 0 
9 0 0.10 0.03 0 0.05 0 0 0 0 
10 T 0.18 1.04 1.70 0 0 0 0 0 
11 0 3.23 T 0.15 0.81 0 0 0 T 
12 0.18 1.19 0.10 0 0 0 1.63 0 0.28 
13 0 0.05 0 5.46 0 0.51 0.25 0 0 
14 0 T 0 T 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 
16 0.81 1.19 0.13 0.36 0 0 0.38 0 0 
17 0 0.25 0 0.15 0 0 0 0 0.33 
18 T 0.51 0 0 0 0 0.05 0.36 1.24 
19 T 8.46 0 0 0 0 0.94 0.23 0 
20 0 T 0 0 0.28 0 1.65 0.28 0 
21 0.03 0 0.05 0 0 0 0.20 0 T 
22 0 0 0.05 0 0.84 0.13 0 0 1.40 
23 0 0 0.48 0 0.33 0.69 0 0.36 0 
24 0 3.91 0.38 0 0 0 0 0.123 0.03 
25 0.41 0.13 T 0.13 0 0 0 0 0 
26 0 0 0 0.08 0 0 0 0 0 
27 0 0 0.38 0.43 0 0 0 0 0 
28 0 0.64 2.16 0.76 T 0 0 0 0.03 
29 0 0.15 0 T 0 0 T 0 0 
30 0 0 0 2.18 0 0 0.20 0 0 
31 0  0  T 0  1.22  
 










Table A.4 Precipitation at NEPAC from March 1, 2014 through October 30, 2014 taken 
from the Columbia City, IN station that is 6.9 km from the NEPAC site. 
2014 Mar Apr May Jun Jul Aug Sep Oct 
 -----------------------------------------cm---------------------------------------- 
1 0 T 0 0 1.12 0 0 0 
2 M† 0 0 T 0.05 0 0.20 0 
3 0 0.71 0 0.23 T 0 0 0.89 
4 0 4.52 0 0 0 0 0 1.09 
5 0 0 0 2.36 0 0.08 0 T 
6 0.08 0 0 0 0 0.81 1.35 0 
7 0 0 0 0 T 0 0 0.28 
8 0 1.52 0 1.68 0.46 0 0 0.99 
9 0.13 0 T 0.08 0.33 0 0 T 
10 0 0 0.10 0 0 0 0.13 0 
11 0 0.03 0 0.76 0 0 4.50 0 
12 1.19 0 5.31 0.08 0 1.65 0 0 
13 0.18 0 0 0 0.64 T 0.25 1.17 
14 0 T 0.20 0 0 0 T 0.89 
15 0 0.30 2.67 0 0.23 0 0 2.29 
16 0 0 T 0 0 0 0.79 0.20 
17 0 0 0 0 T 0 0 T 
18 0 0 0 T 0 0 0 0.08 
19 0.20 0 0 1.07 0 0 0 0.15 
20 T* 0 0 0.41 0 1.42 0 0 
21 T 0 1.17 0.15 0 0 3.91 0 
22 0 0.08 0 3.56 0 3.71 0.08 T 
23 0 0 0 T 0.13 T 0 0 
24 0 0 0 3.81 0 0 0 0 
25 0 0.30 0 1.52 0 0 0 0 
26 0 0.10 0 0 0 1.07 0 0 
27 T 0 0 0 0.61 0.20 0 0 
28 0.18 0 0 0 2.01 0 0 0.30 
29 0.13 2.03 0 0.28 0 0 0 0.23 
30 0 0 0 0 0 0 0 0.03 
31 0  0  0 0.08  0.08 
 
*T = Trace precipitation 










Table A.5 Precipitation at SEPAC from August 1, 2012 through November 30, 2012 
taken from the North Vernon 2 ESE, IN station that is 7.2 km from the SEPAC site. 
2012 Aug Sep Oct Nov 
 --------------------cm-------------------- 
1 0 1.09 0.10 0 
2 0 0.74 1.91 0 
3 0 0.13 0 0.69 
4 0 0 0 0 
5 0 0.51 0 0 
6 0 0 2.57 0 
7 0 0 0 0.28 
8 0 3.81 0 0 
9 0 0 0 0 
10 2.24 0 0 0 
11 0 0 0 0 
12 0 0 0 1.35 
13 0.13 0 0 0 
14 0 0 0 0 
15 0 0 0.08 0 
16 0 0 0 0 
17 1.40 0.03 0 0 
18 0 0.05 0.89 0 
19 0 0 0.61 0 
20 0 0 0.05 0 
21 0.18 0 0 0 
22 0 1.80 0 0 
23 0 0 0 0 
24 0 0 0 0.05 
25 0 0.28 0 0 
26 0 1.73 1.40 0 
27 0.53 0.79 0 0 
28 0 0.03 0 0 
29 0 0 0 0 
30 0 0 0.48 0 















Table A.6 Precipitation at SEPAC from March 1, 2013 through November 30, 2013 taken 
from the North Vernon 2 ESE, IN station that is 7.2 km from the SEPAC site. 
2013 Mar Apr May Jun Jul Aug Sep Oct Nov 
 cm 
1 0.05 T 0 1.55 0.33 0.33 2.26 0 1.42 
2 T* 0 0 0 0.86 0 0 0 0 
3 0.05 0 0 0 0 0.10 0 0.03 0 
4 0 0 0 0 0.36 0 0 0 0 
5 0.30 0 3.71 0 T 0 M 0.15 0 
6 1.19 0 0.33 0.20 0.99 0 0 6.43 0.81 
7 0 0 0.30 0 0 0 M 0 0.53 
8 0 1.04 0.43 0.13 0 0 0 0 0 
9 0 0 0 0.03 T 0.79 0 0 0 
10 0 0 1.73 0.38 0.08 0 2.16 0 0 
11 1.98 1.73 0.56 0 0 0 0.13 0 0 
12 0 1.47 0 0 0 0 0.28 0 0.23 
13 0.05 0 0 1.24 0 0.03 0 0 0 
14 0 0 0 0 0 0 0 0 0 
15 T 0 0 0 0 0 0 0.25 0 
16 0 0.18 0.61 0.05 0 0 0 0.64 0.05 
17 0.10 1.07 T 0 0 0 0 0.33 1.91 
18 3.25 0 0.41 0 0 0 0.05 0 0.33 
19 0 1.96 T 0.69 0 0 1.75 0.33 0 
20 0 0 0 0 1.80 0 1.83 0 0 
21 0.05 0 0.28 0 0 0 1.35 0 0.03 
22 0 0 0.03 1.52 0.13 0 0 0 0.51 
23 0 0 0.03 1.09 0 0 0 0.23 0 
24 0.05 1.93 0.03 0 0 0 0 0.05 0 
25 1.22 0 0 0 0 0 0 0 0 
26 0.15 0 0.10 7.01 0 0 0 0 0.03 
27 0 0 0.23 1.78 1.07 0 0 0 T 
28 0 0.08 0 0 0 0 0 0 0 
29 0 0 0 1.50 0 0 0.84 0 0 
30 0 0 0 0.20 0 0 0.53 0.36 0 
31 0.23  1.55  0.13 M†  1.22  
 
*T = Trace precipitation 











Table A.7 Precipitation at SEPAC from March 1, 2014 through October 30, 2014 taken 
from the North Vernon 2 ESE, IN station that is 7.2 km from the SEPAC site. 
2014 Mar Apr May Jun Jul Aug Sep Oct 
 --------------------------------------------cm-------------------------------------------- 
1 0 0 0 0 0.03 0 0.03 0 
2 0.30 1.70 0 0.61 3.02 0 2.59 0 
3 0.43 4.80 0 1.50 0 0 T 0.25 
4 0 2.90 0 3.58 0 0 0 0.15 
5 0 0 0 0 0 0 0 0.05 
6 0 0 0 0 0 0 0 0.58 
7 0 1.12 0 0 0 0 0 1.37 
8 0 0 0 0.23 1.22 0.36 0 0 
9 0 0.10 0.05 0 0 0.03 0 0 
10 0 0 0.20 1.17 0 0.61 0 1.04 
11 0 0 0.79 0.51 0 0.05 3.25 0.66 
12 0.84 0 0.84 0 0 0.71 0 0 
13 0 0 0 0.03 0.41 0 0 0.64 
14 0 0.61 3.68 0 5.18 0.08 0 2.82 
15 0 1.04 1.07 0 0 0 T 0.18 
16 0 0 0.28 0.03 0 0 0.66 0 
17 0 0 0.05 0 0 0.03 0 0 
18 0 0 0 0 0 0.18 0 0 
19 0 0 0 0 0 0 0 0.03 
20 0 0 0 1.98 0 0.97 0 0 
21 0 0 0 0.05 0 0 0 0 
22 0 0 4.27 0.48 0 0 0 0 
23 0 0 0 0.10 0 0 0 0 
24 0 0 0 1.47 0.20 1.24 0 0 
25 0.08 0.51 0 0.89 0 0 0 0 
26 0 0 0 0.03 0 0 0 0 
27 0.05 0 0 0 6.30 0 0 0 
28 0.81 3.20 0 0 1.17 0 0 1.98 
29 1.60 0.20 2.24 0 0 0 0 0 
30 0 0.28 0 0.33 0 T* 0 0 
31 0.03  0  0 0.66  0.25 
 












Table A.8 Precipitation at DTC from August 1, 2012 through November 30, 2012 taken 
from the West Lafayette 6 NW, IN station that is 0.8 km from the DTC site. 
2012 Aug Sep Oct Nov 
 --------------------cm-------------------- 
1 0 0 0 0 
2 0 2.29 0.33 0 
3 0 1.17 0.30 0 
4 0 0 0.10 0.20 
5 5.00 0 1.02 0 
6 0 0.03 1.04 0 
7 0 0 0 0.30 
8 0 3.99 0 T 
9 0.20 0 0 0 
10 0 T 0.05 0 
11 0.20 0 0 0 
12 0 0 0.03 1.22 
13 0.15 0 0 0 
14 1.70 1.60 1.93 0 
15 0 0 0.25 0 
16 0 0 0 0 
17 3.63 0 0 0 
18 0 0.10 1.60 0 
19 0 0 0.69 0 
20 0 0 0.33 0 
21 0.56 0.03 0.05 0 
22 0 0.76 T 0 
23 0 0 2.11 0.23 
24 0 0 1.14 0 
25 0 0 0 0 
26 0 0.05 0.46 0 
27 8.33 0.36 0 T 
28 0 0 0 0 
29 0 0 0 0 
30 0 0 0 0 
31 0  T  
 












Table A.9 Precipitation at DTC from March 1, 2013 through November 30, 2013 taken 
from the West Lafayette 6 NW, IN station that is 0.8 km from the DTC site. 
2013 Mar Apr May Jun Jul Aug Sep Oct Nov 
 -------------------------------------------------cm-----------------------------------------
-------- 
1 T* T 0 2.08 0.66 0.18 1.42 0 1.98 
2 0 0 0 0.61 0.03 0 0 0 0.05 
3 T 0 0 0.05 T 1.63 0 0.05 0 
4 0 0 0.20 0 0 0 0 0.56 0 
5 0.05 0 0.05 0 M 0 0 0 T 
6 M† 0 T 0 0 0.13 0 1.60 0.20 
7 0 0 0 0 1.30 0 0 M 0.25 
8 0 T 0 0 0 0 0 0 0 
9 0 0.25 0.20 0 T 0.20 0 0 0 
10 0 0.10 1.47 1.52 0 0 0 0 0 
11 0.05 4.37 0.03 T 1.12 0 0 0 0 
12 0.13 0.51 0 0.05 0 0 2.57 0 0.25 
13 0.03 0.05 0 1.88 0 2.31 0 0 T 
14 T 0 0 0 0 0 T 0 0 
15 0 0 0 0 0 0 0 0 0 
16 0 1.04 0.86 0.05 0 0 0.38 0.20 0 
17 0 2.29 0 T 0 0 0 0 0.43 
18 0.08 2.11 0.08 0 0 0 0 0.10 0.71 
19 0.03 7.75 0 0 0 0 3.07 0.36 0 
20 0 0.08 0 0 0 0 0 0.15 0 
21 0 0 0.51 0 1.37 0 0.97 0 0 
22 0 0 0.03 1.37 2.01 0 0 0 1.63 
23 0 0 0.13 0.05 0.03 0.15 0 0.94 0 
24 0 3.20 0.05 0 0 0 0 0.03 0 
25 1.17 0.18 0 0.71 0 0 0 T 0 
26 T 0 T 1.22 0 0 0 0 T 
27 0 0 4.17 0 0 0 0 0 0 
28 0 0.69 1.19 0 0 0 0 M 0 
29 0 0.43 0 0.13 0 0 0.64 0 0 
30 0 0 0 2.67 0 0 0 0.05 0 
31 0.03  0.56  0.51 0.23  1.27  
 
*T = Trace precipitation 










Table A.10 Precipitation at DTC from March 1, 2014 through October 30, 2014 taken 
from the West Lafayette 6 NW, IN station that is 0.8 km from the DTC site. 
2014 Mar Apr May Jun Jul Aug Sep Oct 
 --------------------------------------------cm--------------------------------------------- 
1 0 T 0 0 1.35 0 0 0 
2 0.38 0 T 0 0 3.58 0.38 0.46 
3 0 1.91 T 0.18 0.08 0 0.18 4.62 
4 0 4.17 0 0.76 0 0 0 0.58 
5 0 0 0 1.30 0 0 T T 
6 T* 0 0 0 0.28 0 3.00 0.48 
7 0 0 0 0 0.28 0 0 0.23 
8 0 1.78 0 3.89 2.39 0 0 0.08 
9 0 0 0.64 0 0 0 0 0.36 
10 0 0 0.79 0.25 0 0 1.57 0.84 
11 0 T 0.13 3.15 0 5.49 3.30 0 
12 2.16 0 5.44 0.05 0 0.36 0.03 0 
13 T 0 0.33 0.15 1.83 T 0.08 1.42 
14 0 0.20 0.61 0 0 0 0 2.54 
15 0 0.13 1.55 0 0.89 T 0 1.40 
16 0 0 0.66 0.05 0 0 1.35 0.30 
17 0 0 1.91 0 0 0.89 0 0 
18 0 0 0.05 0 0 0.08 0 0 
19 0.05 0 0 2.06 0 0 0 0.15 
20 0 0 0 1.09 0 0.97 0 T 
21 0 0 0 0 0 0 4.42 T 
22 0 0 0.15 0.10 0 1.93 T T 
23 0 0 0 0 0.08 0.03 0 0 
24 0 0 0 1.22 0 2.77 0 0.20 
25 T 0.69 0 0.23 0 0 0 0 
26 T 0 0 0.25 0.05 0.08 0 0 
27 T 0 0 0 0.81 1.60 0 0 
28 0.61 0.18 0 0 0.13 T 0 1.35 
29 T 0.99 0.20 0.08 0 0 0 0 
30 0.08 0.08 0 0 1.37 0.56 0 0 
31 0  0  0 2.79  T 
 












Table A.11 Precipitation at DeSutter from August 1, 2012 through November 30, 2012 
taken from the Attica 3.4 SSW, IN station that is 7.6 km from the DeSutter site. 
2012 Aug Sep Oct Nov 
 --------------------cm-------------------- 
1 0 T* 0 0 
2 0 2.26 0.13 0 
3 0 2.77 0.41 0 
4 0 0 0.13 0.15 
5 5.16 0 0.61 0 
6 0 0.30 2.11 0 
7 0 0 0 0.43 
8 0 4.11 0 0.05 
9 0.48 0.03 0 0 
10 0.13 0 0.08 0 
11 0.23 0 0 0 
12 0 0 0 1.55 
13 0.25 0 M T 
14 1.70 0.58 1.45 0 
15 0 0.05 0.36 0 
16 0 M† 0 0 
17 5.84 0 0 0 
18 0 0.08 1.88 M 
19 0.03 0 0.69 M 
20 0 0 0.84 0.10 
21 0.13 0 0 0 
22 0 2.01 0 0 
23 0 T 2.87 0.25 
24 0 0 0.53 0 
25 0 0 0 M 
26 0 0.23 0.81 M 
27 3.02 0.20 0 0.05 
28 0 0 0 0 
29 0 0 0 0 
30 0 0 0 0 
31 0  T 0 
 
*T = Trace precipitation 











Table A.12 Precipitation at DeSutter from March 1, 2013 through November 30, 2013 
taken from the Attica 3.4 SSW, IN station that is 7.6 km from the DeSutter site. 
2013 Mar Apr May Jun Jul Aug Sep Oct Nov 
 -------------------------------------------------cm-----------------------------------------
-------- 
1 0 0.05 0 2.03 M M M M 3.43 
2 0.05 0 0 1.32 0.20 0 M 0 0.08 
3 0.05 0 0.05 T 0.03 3.10 0 0.08 M 
4 0 0 0.56 0 T 0.05 M 1.32 M 
5 0.03 0 0.08 0 0 0 M 0.05 0.03 
6 1.50 0 T 0 0 0 0 M 0.36 
7 T* 0 0 0 0.08 M 0 M 0.38 
8 0 0.10 0 0 0 0 M 0 0 
9 0 M 0 0 0.03 2.95 M 0 0 
10 0.05 M 2.16 0.33 0.05 0 0 0 0 
11 0.13 3.20 0.03 T 1.35 M 0 0 0 
12 0.15 0.56 0 T 0 M 0.18 0 0.18 
13 0.08 0.03 0 1.55 0 0 0 M 0 
14 T M 0 0 0 0 0 M 0 
15 0.13 M 0 0 0 0 M 0 0 
16 0 2.16 T 0.13 0 0 M 0.13 0 
17 0 1.80 0 0.03 0 M M 0 M 
18 0.15 1.17 M 0 0 M M 0.15 M 
19 0.10 6.40 M 0 0 M 2.74 0.58 0 
20 0 M 0 0 0 0 M M 0 
21 T M 0.56 0 1.47 0 M M 0.15 
22 0 0 T 0.89 M M M 0.03 1.68 
23 M† 0 0.33 M 0.08 0 M 0.84 T 
24 0.13 3.05 0.03 M M M M 0.08 0 
25 2.57 0.23 0 0.51 0 M M T 0 
26 0.05 0 0.10 1.75 0 M M 0 0.03 
27 0 0 1.83 0 M 0 M M 0 
28 0 1.12 0.97 0 M 0 M M 0 
29 0 0.20 0.03 0.10 M 0 M 0 0 
30 0 0 0 M 0 0 M 0.13 0 
31 0  1.07  M 0.18  2.08  
 
*T = Trace precipitation 










Table A.13 Precipitation at DeSutter from March 1, 2014 through October 30, 2014 taken 
from the Attica 3.4 SSW, IN station that is 7.6 km from the DeSutter site. 
2014 Mar Apr May Jun Jul Aug Sep Oct 
 --------------------------------------------cm--------------------------------------------- 
1 M† 0 0.03 0 3.30 0 M 0 
2 0.51 0.15 0 0.23 0 M 0.94 0.97 
3 0 3.63 0.03 0.84 0 M 0.05 3.45 
4 0 2.82 0 1.42 0 0 T 0.56 
5 0 0.03 0 0.89 0 0 0 M 
6 T* 0 0 0 0.51 0 M M 
7 0 0 0 0 T 0 M 0.28 
8 0 1.91 0 2.62 2.54 0.05 0 0.28 
9 M 0.25 0.69 M 0.03 0.08 0 0.13 
10 0 0.03 0.58 0.36 0 0.03 0.81 0.51 
11 0 0.23 1.30 6.17 0 3.35 1.88 0.03 
12 1.80 0 0.58 0.10 0 0.08 0 0 
13 0.28 0 0.38 0.03 2.79 T 0.15 1.98 
14 0 0.33 M 0 0.05 0 0 2.41 
15 0 0.10 M 0 1.65 0 0 0.66 
16 0 0 0.46 0.10 T 1.09 1.12 0.66 
17 0 0 0.05 0.03 0 M 0 0.03 
18 0 0 0.05 0 0 M 0 T 
19 0.25 0 0 0.79 0 0 0 0.10 
20 0 0 0 1.83 0 1.30 0 0 
21 0 0 0 T 0 0.03 1.17 0.03 
22 0 0.25 0.08 0.51 0 0.33 0 0 
23 0 0 T 0 M 0.86 0 0 
24 0 0.03 0 1.68 M 1.50 0 M 
25 0.08 0.76 0 0.10 0 T 0 M 
26 T 0 0 0.03 M 0.76 0 M 
27 0.05 0 0 0 0.81 1.60 0 M 
28 0.56 0.71 0.10 T 0.03 0.05 M 0.81 
29 0.20 0.66 0 1.35 0 0 M 0 
30 0 0.03 0 T 0 M 0 0 
31 0  0  0 M  0.10 
 
*T = Trace precipitation 











Table A.14 Precipitation at Rulon from August 1, 2012 through November 30, 2012 
taken from the Lapel 4.7 NW, IN station that is 10.1 km from the Rulon site. 
2012 Aug Sep Oct Nov 
 --------------------cm-------------------- 
1 0.25 0 0 0 
2 0 1.93 1.17 0 
3 0 3.43 0.15 0 
4 0 0.05 0 0 
5 0.84 0 0.13 0 
6 0 0.15 3.00 0 
7 0 0.89 0 0 
8 0 5.46 0 0 
9 3.00 0 0 0 
10 3.48 0 0 0 
11 0.08 0 0 0 
12 0 0 0 2.08 
13 0.05 0 0 0.25 
14 0.36 T* T 0 
15 0 0.43 0.61 0 
16 0 0 0 0 
17 2.26 0 0 0 
18 0 1.75 1.60 0 
19 0 0 0.15 0 
20 0 0 0.71 T 
21 0.41 0 0 0 
22 0 1.83 0 0 
23 0 0 0.25 0.30 
24 0 0 1.55 0 
25 0 0 0 0 
26 0 0.05 0.56 0 
27 0.13 1.02 0 T 
28 0.28 0 0 0 
29 0 0 0 0 
30 0 0 T 0 
31 0  1.40  
 












Table A.15 Precipitation at Rulon from March 1, 2013 through November 30, 2013 taken 
from the Lapel 4.7 NW, IN station that is 10.1 km from the Rulon site. 
2013 Mar Apr May Jun Jul Aug Sep Oct Nov 
 -------------------------------------------------cm-----------------------------------------
-------- 
1 T 0.10 0 4.70 0.64 0.23 0.15 0 5.00 
2 0 0 0 0.18 1.73 0 0 0 T 
3 T 0 0 T 2.90 1.91 0 0.05 0 
4 0 0 0.13 0 0 0 0 T 0 
5 0.18 0 0 0 0 0 0 2.74 0.05 
6 1.52 0 0.08 0 T 0.28 0 2.44 T 
7 T T T 0 0 0 0 1.40 0.43 
8 0 0 0 0 0 0 0.03 0.05 0 
9 0 0 0.05 0 0 0.08 0 0 0 
10 0 0.03 1.98 1.47 0 0 0 0 0 
11 0.08 2.95 0.05 0.94 2.79 0 0 0 0 
12 0.15 1.30 0.05 0.08 0 0 0.23 0 0.20 
13 T 0.05 0 3.25 0 0 0 0.10 0 
14 T T 0 0.05 0 0 0 0 0 
15 0 T 0 0 0 0 0 0 0 
16 0.05 0.08 0.20 0.36 0 0 0.20 0.08 0 
17 0 3.28 0 0 0 0 0 0 2.11 
18 0.38 0 0.15 0 0 0 0 0.20 0.10 
19 T 8.89 0 0 0 0 4.29 0.76 0 
20 0 0.03 0 0 0 0 0.43 T 0 
21 T 0 0.30 0 0.71 0 1.78 0 0.10 
22 0 0 0.03 0 T 0 0 0 1.19 
23 0 0 0.61 0 0.05 0 0 0.66 T 
24 T 3.35 0.05 0.05 0 0 0 T T 
25 1.27 0.28 0 T 0 0 0 T 0 
26 0.15 0 T 1.22 0 0 0 0 0 
27 0 0 1.14 0.18 0 0 0 0 T 
28 0 1.32 1.40 0 0 0 0 0 0 
29 0 0.38 0 0.03 0 0 0.23 0 0 
30 0 0 0 4.78 0 0 0.99 0 0 
31 0  0  0.20 0.18 0 0.41 0 
 











Table A.16 Precipitation at Rulon from March 1, 2014 through October 30, 2014 taken 
from the Lapel 4.7 NW, IN station that is 10.1 km from the Rulon site. 
2014 Mar Apr May Jun Jul Aug Sep Oct 
 --------------------------------------------cm--------------------------------------------- 
1 0 T 0 0 0.76 0 0.76 0 
2 0.61 0.53 0 0 0 0.33 1.09 0 
3 T* 5.84 T 2.36 0.23 0 0.03 0.53 
4 0 3.20 0 1.75 T 0 0 0.56 
5 0 0 0.15 0.79 0 0 0 0 
6 T 0 0 0 T 0 0.79 0.13 
7 0 0 0 0 0.10 0 0.15 0.13 
8 0 2.59 0 1.50 0.38 0 0 0.48 
9 0 0 0 0.03 1.47 0 0 0.05 
10 0 0 0.18 0.38 0 0 0 0.61 
11 0 0.86 0.13 2.11 0 5.23 5.64 0.03 
12 3.05 0 6.17 1.14 0 0.10 0.05 0 
13 0.30 0 0 0.08 T 0.10 0 1.45 
14 0 0.41 1.30 0 0 0.18 0 0.99 
15 0 T 3.33 0 0.56 0 0 0.56 
16 0 0 0.43 0.08 0 0 0.66 0.41 
17 0 0 0.89 0 0 0.71 0 0.03 
18 0 0 0 0 0 0.03 0 0 
19 T 0 0 0.61 0 0 0 0.15 
20 0 0 0 1.55 0 0.66 0 0 
21 0 0 0 0.05 T 1.02 0.33 0.18 
22 0 0.03 0.10 T 0 5.72 0 T 
23 0 0 T 0 0.18 1.07 0 0 
24 0 0 0 0.69 T 2.18 0 0 
25 0 2.03 0 2.39 0 0 0 0 
26 T 0.10 0 0.03 T 0 0 0 
27 T 0 0 0 0.46 0 0 0 
28 0.48 0.74 0 0.48 0.56 0 0 0.28 
29 0.18 1.32 T 0.30 0 0 0 0.66 
30 0.79 0.08 0 0 0.41 T 0 0 
31 0  0  0.03 0.05  0.03 
 












Table A.17 Precipitation at Brocksmith from August 1, 2012 through November 30, 2012 
taken from the Vincennes, IN station that is 8.2 km from the Brocksmith site. 
2012 Aug Sep Oct Nov 
 --------------------cm-------------------- 
1 0 0.15 0 0 
2 2.46 3.45 1.57 0 
3 2.46 1.19 0.20 0.33 
4 0 0 0 0 
5 0.08 2.82 0 0 
6 0.03 3.96 4.57 0 
7 0 0 0 0.13 
8 0 4.19 0 0 
9 0 0 0 0 
10 0 0 0.10 0 
11 T* 0 0 0 
12 0 0 0 2.46 
13 0.48 0 0 0 
14 0.41 0 0.08 0 
15 0 0.08 0.30 0 
16 0 0 0 0 
17 2.39 0 0 0 
18 0 0.48 1.96 0 
19 0 0 0 0 
20 T 0 0.71 0 
21 T T 0 0 
22 0 0.38 0 0 
23 0 0 0 0.58 
24 M† 0 T 0 
25 0 0.20 T 0 
26 0 7.59 0.61 0 
27 0.05 0.48 0 0 
28 1.14 T 0 0 
29 0 0.03 0 0 
30 0 0 0 0 
31 0  0  
 
*T = Trace precipitation 











Table A.18 Precipitation at Brocksmith from March 1, 2013 through November 30, 2013 
taken from the Vincennes, IN station that is 8.2 km from the Brocksmith site. 
2013 Mar Apr May Jun Jul Aug Sep Oct Nov 
 -------------------------------------------------cm-----------------------------------------
-------- 
1 0.08 0 0 3.63 0.13 0.25 4.06 T 3.81 
2 T* 0 0 0.10 1.91 0 0 0 0 
3 0 0 0.03 0 3.18 0 0 0.33 0.05 
4 0 0 0 0 0 0 0 0.05 0 
5 0.03 0 3.51 0 0 0 0 0.97 T 
6 0.28 0 1.04 0 0 0 0 8.20 0.05 
7 T 0 0.03 0.13 0 0 0 0 1.42 
8 0 2.36 0.05 0 0 0 0.15 0 0 
9 0.10 T 0 0 T 0.99 0 0 0 
10 0.79 0 0.43 1.96 0 0 0 0 0 
11 0 1.91 0.25 0.15 0.08 0 0 0 0 
12 0 0.56 0 0 0 0 0 0 0.05 
13 T 0 0 0 T 0.36 0.23 0 0 
14 0 0 0 0 0 0 0 0 0 
15 T 0 0 0 0 0 0 0 0 
16 0.18 0 0 0 0 0 0 0.13 0 
17 0.10 0.36 9.65 0.28 0 0 0 0.36 0.28 
18 5.23 0 0 3.56 0 0 0 0.03 0.76 
19 T 5.13 0 1.88 0 0 0.46 0.69 0 
20 0 0 0 0 0 0 M† 0.03 0 
21 0.03 0 2.24 0 1.40 0 0.84 0 0.05 
22 0.08 0 0.30 T 0.69 0 0 T 0.74 
23 0 0 0 1.37 T 0 0 T 0 
24 0.03 2.49 0.13 0.69 0.15 0 0 T 0 
25 1.14 0.18 0 1.52 0 0 0 T 0 
26 T 0 0.03 0 0 0 0 0 0 
27 0 0 0.23 5.94 0.81 0 0 0 T 
28 0 0.58 1.70 0 0 0 0.64 0 0 
29 0 0.08 0 0 0 0 0.91 0 0 
30 0 0 0 T T 0 0 2.54 0 
31 0.08  4.70  0.71 0.05  0.46  
 
*T = Trace precipitation 










Table A.19 Precipitation at Brocksmith from March 1, 2014 through October 30, 2014 
taken from the Vincennes, IN station that is 8.2 km from the Brocksmith site. 
2014 Mar Apr May Jun Jul Aug Sep Oct 
 --------------------------------------------cm--------------------------------------------- 
1 0 0 T 0 T 0 0 0 
2 0.53 0.81 0 0.97 0.18 0.76 4.67 0 
3 0.51 5.13 0 2.34 0 0 0.05 4.42 
4 0 6.43 0 2.51 0 0 0 0.30 
5 0 0.03 0 0.10 0 0 0 0 
6 0 0 0 0 0 0 0.23 T 
7 0 0 0 0 0 T 0 0.41 
8 0 1.17 0 1.22 0.58 0.89 0 0.53 
9 0 0.08 0.10 T 0 2.59 0 0 
10 0 0 0.18 0.61 0 0.05 0 0.46 
11 0 0 0.97 5.51 0 0.03 2.24 1.22 
12 0.38 0 0.10 0.56 0.05 0 T 0 
13 0.03 0 0.03 T 0.69 0 0 0.79 
14 0 0.91 1.52 0 3.86 0 0 2.31 
15 0 0.56 2.46 0 0.71 T 0 0.36 
16 0 0 0.94 0 0 0 0.23 0.61 
17 T* 0 0.15 0 0 4.70 0 0 
18 0 0 0 0 0 1.83 T 0 
19 T 0 0 0 0 0 0 0 
20 T 0 0 0 0 0 0 0.03 
21 0 0 0 2.06 0 0.28 0.23 0 
22 0 0.15 0.81 0 0 0 0 0 
23 0 0 0.03 0 1.02 1.60 0 0 
24 0 0 T 0.10 0.05 0.10 0 0.05 
25 0.05 0.69 T 0.69 0 0 0 0 
26 0 T 0.38 0 0 0 0 0 
27 0.08 0 0 0 1.04 0 0 0 
28 0.33 5.03 0 0 0 0 0 0.23 
29 0.66 0.69 0 0.18 0 0 0 1.07 
30 0.33 0.03 T 0 0 0.61 0 0 
31 0  0  0 0.18  0.25 
 












Table A.20 Precipitation at Alford from August 1, 2012 through November 30, 2012 
taken from the Osgood 4.1 NE, IN station that is 13.9 km from the Alford site. 
2012 Aug Sep Oct Nov 
 --------------------cm-------------------- 
1 0.08 0 0 0.03 
2 0 0.13 2.44 0 
3 0 0.99 0.03 0 
4 0.18 1.30 0 0.41 
5 0 0 0 0 
6 0.20 0.61 2.64 0 
7 0 0 0 T 
8 0 5.66 0 0 
9 0.58 0 0 0 
10 1.27 0 0 0 
11 0 0 0 0 
12 0 0 0 0.91 
13 0 0 0 0.58 
14 0 0 0 0 
15 0 T* 0.08 0 
16 0 0 0 0 
17 1.40 0 0 0 
18 0 0.15 0.79 0 
19 0 0 0 0 
20 0 0 0.43 0 
21 0.36 0.05 0 0 
22 0 1.75 0 0 
23 0 0 0 0.05 
24 0 0 0 0 
25 0 0 0 0 
26 0 0.46 0 0 
27 0 0.64 2.13 0 
28 1.57 0.13 T 0 
29 0 0 0 0 
30 0 0 T 0 
31 0  1.55  
 












Table A.21 Precipitation at Alford from March 1, 2013 through November 30, 2013 
taken from the Osgood 4.1 NE, IN station that is 13.9 km from the Alford site. 
2013 Mar Apr May Jun Jul Aug Sep Oct Nov 
 -------------------------------------------------cm-----------------------------------------
-------- 
1 0.15 0.05 0 1.93 0.18 0.10 2.77 0 3.58 
2 0.15 T 0 0.10 1.96 0 0.03 0 0 
3 0.03 0 0 0 0 0.33 0 0.10 0 
4 T* 0 0 0 0 0.66 0 0.03 0 
5 0 0 0.30 0 0.38 0 0 0 0.05 
6 2.36 0 3.07 0.03 0.41 0 0 6.27 0 
7 T 0 0 3.63 0.38 0 0 1.22 1.17 
8 0 0.66 0.30 0 0.03 T 0 0.05 0 
9 0 0 0.25 0.30 0 7.44 0 0 0 
10 0 0 0.05 0.46 0.10 0.03 0 0 0 
11 1.96 0.28 1.96 0.15 T 0 0.08 0 0 
12 1.04 2.92 0 0.03 0 0 0 0 0.43 
13 0.15 0 0 0 0 T 0.23 0.10 0 
14 T 0 0 1.55 0 0 0 0 0 
15 0 0 0 0 T 0 0 0 0 
16 0.03 0 0.03 0 0 0 0.08 0.51 0 
17 0 1.83 0.91 0.08 0 0 0 0 1.07 
18 3.40 0.08 1.75 0 0 0 0 0.30 0.48 
19 0.05 2.26 0 0.43 0 0 0.10 0.08 0 
20 0 0.10 0 0 0 0 1.45 0.48 0 
21 0 0 0.20 0 0.20 0 1.96 0 0.03 
22 0.03 0 0.03 0 0.08 0 0 0.10 0.25 
23 0 0 0.89 0.53 0.08 0.41 0 0.18 0.23 
24 0 0.51 0.13 0 0.18 0 0 0.03 0.03 
25 1.45 1.50 0 0.05 0 0 0 0.20 0 
26 0.56 0 0.05 1.24 0 0 0 0 0.05 
27 0 0 0.97 4.80 0.48 0 0 0 0 
28 0 0.05 0.03 0 0.46 0 0 0 T 
29 0 0.25 0 0.13 0 0.86 0 0 0 
30 0 0.08 0 0.61 0 0 0.46 0.66 0 
31 0.36  T  0.03 0.03  T  
 











Table A.22 Precipitation at Alford from March 1, 2014 through October 30, 2014 taken 
from the Osgood 4.1 NE, IN station that is 13.9 km from the Alford site. 
2014 Mar Apr May Jun Jul Aug Sep Oct 
 --------------------------------------------cm--------------------------------------------- 
1 0 0 0 0 0.13 0 0.05 0 
2 0.28 0.36 0 1.07 1.73 0 2.36 0 
3 0.89 3.38 0 2.24 0.05 0 0.08 0.20 
4 0 5.41 0 0.13 0.03 0 0 0.38 
5 0 0.13 0 2.62 0 0 0 0 
6 0 0 0 0 0 0 0.18 0.13 
7 0 T* 0 0 0 0 T 0.79 
8 0 2.34 0 0.13 0.03 T 0 1.24 
9 0 0 0 0.05 0.03 0.08 0 0 
10 0 0 0.05 1.78 0 0 0 0.03 
11 0 0 0.23 0.58 0 0.05 3.33 1.35 
12 1.04 0 0.53 0.23 0 0.20 0.03 0 
13 0.30 0 0.03 0.03 T T 0 0.23 
14 0 0.13 0.38 T 3.96 0.05 0 1.37 
15 0.18 1.88 2.84 0 0.86 0 0 1.19 
16 0 T 0.10 0 0 0 0.61 0.46 
17 0 0 0.15 T 0 T 0.03 0.03 
18 0 0 0.05 0 0 0.10 0 0.03 
19 0.25 0 0 0 0.10 0 0 0.08 
20 0.23 0 0 0 0 3.84 0 T 
21 0 0 T 0.53 0 0.25 0 T 
22 0 0 1.12 0 0 0.28 0 0 
23 0 0 0 0.25 T T 0 0 
24 0 0 0 0.61 2.95 0 0 0 
25 0 0.36 0 1.65 0 0 0 0 
26 0.10 0.46 0 0.56 0 0 0 T 
27 0 0 0 0 0.28 0 0 0 
28 0.41 1.85 0 T 1.73 0 0 0 
29 0.91 1.68 0.51 0.08 0 0 0.05 0.84 
30 1.17 0.41 T 0 0 0 0 0 
31 0  0  0.08 0.71  0 
 










Appendix B Decagon Soil Moisture and Temperature Data 
The Decagon sensor data could not be statistically analyzed because there was 
only one rep of each treatment at all of the sites. However, the soil moisture and 
temperature graphs are presented in the appendix (Figures B.1 – B.14). Most of the 
temperature graphs show only a difference between the two depths with the 10 cm depth 
having larger fluctuations in temperature. The shallower depth is expected to fluctuate 
more because it is closer to the soil surface where there is sunlight and weather changes 
that alter the temperature.  
The soil moisture data is more variable than the temperature data. Most of the 
variation was shown in December to the first of March when soil temperatures were very 
low. The moisture may not be accurate at this time due to the very low temperatures and 
may not be important. At NEPAC, the OR-C to CR-S treatment was less variable in both 
depths and the mixes and no covers fluctuated more (Figure B.1). At SEPAC, the 20 cm 
depth seems to be wetter than the 10 cm depth in the spring (Figure B.3).  
At DTC in early spring, the cover crops may be transpiring and drying out the soil 
more than the no cover treatment in May before being terminated (Figure B.5). During 
the summer when cash crops were growing, the NC-S treatment at 20 cm seems to have a 
higher moisture content than the other treatments and depths, which is not expected 
because it did not have cover crop residue to lower evaporation. The soil moisture at the 









At DeSutter, the 10 cm depth sensors have lower soil moisture after a rain event 
than the 20 cm depth sensors (B.7). The NC treatment at 10 cm depth seems to have a 
higher soil moisture than the CR treatments in the fall, and the same for the 20 cm depth, 
which may be caused by transpiration from the growing cereal rye. However, there was 
not enough cover crop biomass to taken biomass samples at that time so the growing 
cover crop may not have been affecting the soil moisture. The same was true in the spring 
but the opposite was expected, much like the DTC results. 
At Rulon, the CR treatment at 20 cm seems to have a higher soil moisture than the 
other sensors, possibly due to cover crop residues protecting from soil evaporation 
(Figure B.9). The NC treatment at 10 cm seems to dry out the most after a rain event in 
the spring and summer of 2014, which is expected because there is no cover crop biomass 
or residue to protect from soil evaporation. 
At Brocksmith, the treatments at 10 cm had a lower soil moisture than the 
treatments at 20 cm in the fall of 2013 (Figure B.11). In the spring, summer, and fall of 
2014, the treatments at 10 cm fluctuated more than the treatments at 20 cm. 
At Alford in the fall of 2013, the CRCC treatment at 10 cm had the lowest soil 
moisture and the CRCC treatment at 20 cm seemed to have the highest except during a 
rain event. In the spring of 2014, the two treatments at 10 cm fluctuated more than the 
two treatments at 20 cm. In the summer and fall of 2014, there were not many differences 
but the CRCC treatment at 20 cm seemed to fluctuate less than the others. Differences 








Figure B.1 NEPAC Decagon sensor soil moisture from June 2013 through September 2014. 
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Figure B.2 NEPAC Decagon sensor soil temperature from June 2013 through September 2014. 
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Figure B.3 SEPAC Decagon sensor soil moisture from June 2013 through September 2014. 
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Figure B.4 SEPAC Decagon sensor soil temperature from June 2013 through September 2014. 
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